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9DOXDWLRQ�RI�WUDYHO�WLPH�DQG�WUDYHOOHU�LQIRUPDWLRQLQ�PXOWLPRGDO�SHUVRQDO�WUDYHO�XQGHU�XQFHUWDLQW\
0D\�����

3LHW�5LHWYHOG9ULMH�8QLYHUVLWHLW$PVWHUGDP3ULHWYHOG#IHZHE�YX�QO

$EVWUDFW�
7KH�YDOXH�RI�WUDYHO�WLPH�SOD\V�DQ�LPSRUWDQW�UROH�LQ�FRVW�EHQHILW�DQDO\VLV�RI�LQIUDVWUXFWXUHSURMHFWV��+RZHYHU��WKH�LVVXH�RI�XQFHUWDLQW\�RQ�WUDYHO�WLPHV�DQG�WKH�LPSOLFDWLRQV�WKLV�KDV�IRUHVWLPDWLRQV�RI�WUDYHO�WLPH�YDOXHV�KDV�UHFHLYHG�PXFK�OHVV�DWWHQWLRQ�LQ�WKH�OLWHUDWXUH��,Q�WKLVSDSHU�ZH�FRPSDUH�YDULRXV�PRGHOOLQJ�DSSURDFKHV�WR�DGGUHVV�XQFHUWDLQW\�DQG�GHPRQVWUDWH�WKDWLJQRULQJ�XQFHUWDLQW\�LVVXHV�PD\�HDVLO\�OHDG�WR�GLVWRUWHG�HVWLPDWHV�RI�YDOXHV�RI�WUDYHO�WLPH��7KLVLV�RI�VSHFLDO�UHOHYDQFH�LQ�SXEOLF�WUDQVSRUW�ZKHUH�YDULRXV�WULS�FRPSRQHQWV�PD\�KDYH�GLIIHUHQWYDOXDWLRQV�DQG�GHJUHHV�RI�XQFHUWDLQW\��2XU�DSSURDFK�VKHGV�OLJKW�DPRQJ�RWKHUV�RQ�WKH�KLJKWLPH�YDOXDWLRQV�IRU�ZDLWLQJ�DW�WUDQVIHU�SRLQWV�LQ�SXEOLF�WUDQVSRUW��,PSOLFDWLRQV�DUH�JLYHQ�IRU�WKHVXSSO\�RI�WUDYHOOHU�LQIRUPDWLRQ�RQ�YDOXHV�RI�WUDYHO�WLPH�LQ�SXEOLF�WUDQVSRUW�
.H\ZRUGV�PXOWLPRGDO�WUDYHO��SXEOLF�WUDQVSRUW��YDOXH�RI�WUDYHO�WLPH��H[SHFWHG�XWLOLW\��XQFHUWDLQW\�XQUHOLDELOLW\�
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���,QWURGXFWLRQ�
*HQHUDOLVHG�FRVWV�SOD\�DQ�LPSRUWDQW�UROH�LQ�WKH�DQDO\VLV�RI�WUDYHO�EHKDYLRXU�VXFK�DV�PRGHFKRLFH�DQG�URXWH�FKRLFH��7KHVH�FRVWV�FRQVLVW�RI�WZR�PDLQ�SDUWV��PRQHWDU\�FRVWV�DQG�WLPH�UHODWHG�FRVWV��7KH�RSSRUWXQLW\�FRVWV�RI�WUDYHO�WLPH�PD\�EH�VXEVWDQWLDO��DQG�KHQFH�WKHLUFRQWULEXWLRQ�WR�JHQHUDOLVHG�FRVWV�PD\�DOVR�EH�KLJK��%HFDXVH�RI�WKLV�UHDVRQ��DQ�H[WHQVLYHOLWHUDWXUH�RQ�YDOXH�RI�WUDYHO�WLPH�KDV�GHYHORSHG�LQ�RUGHU�WR�DUULYH�DW�EHWWHU�H[SODQDWLRQV�RIWUDYHO�EHKDYLRXU��VHH�-DUD�'LD]���������7KH�YDOXDWLRQ�RI�WUDYHO�WLPH�DSSHDUV�WR�GHSHQG�RQSHUVRQDO�IHDWXUHV��LQFRPH��WUDYHO�PRWLYH���WUDQVSRUW�PRGHV�FRQVLGHUHG�DQG�VLWXDWLRQDO�IHDWXUHVVXFK�DV�ZHDWKHU�FRQGLWLRQV��$�UHODWHG�GHYHORSPHQW�LV�WKDW�WKH�YDOXH�RI�WUDYHO�WLPH�KDV�EHFRPHDQ�LPSRUWDQW�LQJUHGLHQW�RI�FRVW�EHQHILW�DQDO\VHV�RI�WUDQVSRUW�LQIUDVWUXFWXUH�LQYHVWPHQWV�DQGWUDQVSRUW�SROLFLHV��VHH�IRU�H[DPSOH�&DOIHH�DQG�:LQVWRQ���������$�PDMRU�EHQHILW�RI�PDQ\WUDQVSRUW�LQIUDVWUXFWXUH�SURMHFWV�LV�WKDW�WKH\�OHDG�WR�D�UHGXFWLRQ�RI�WUDYHO�WLPH�VR�WKDW�ZHOO�IRXQGHG�HVWLPDWHV�RI�YDOXHV�RI�WLPH�DUH�HVVHQWLDO�
0XFK�OHVV�DWWHQWLRQ�KDV�EHHQ�SDLG�LQ�WKH�YDOXH�RI�WLPH�OLWHUDWXUH�RQ�WKH�LVVXH�RI�UHOLDELOLW\�DQGWKH�LPSOLFDWLRQV�LW�PD\�KDYH�RQ�WUDYHO�EHKDYLRXU�DQG�RQ�FRVW�EHQHILW�DQDO\VLV��7KLV�LVUHPDUNDEOH�VLQFH�VHYHUDO�FRXQWULHV�DUH�QRZDGD\V�ZLWQHVVLQJ�VHULRXV�TXDOLW\�SUREOHPV�ZLWKWKHLU�WUDQVSRUW�V\VWHPV�VR�WKDW�LPSURYHPHQW�RI�UHOLDELOLW\�JHWV�KLJK�SULRULW\��$V�ORQJ�DV�VSHHG�LPSURYLQJ�PHDVXUHV�DUH�DOVR�UHOLDELOLW\�HQKDQFLQJ��WKLV�PD\�QRW�EH�D�SUREOHP��+RZHYHU�VSHHG�DQG�UHOLDELOLW\�GR�QRW�DOZD\V�JR�KDQG�LQ�KDQG��DQG�WKHUHIRUH�WKHUH�LV�D�ULVN�WKDW�LJQRULQJWKH�UHOLDELOLW\�GLPHQVLRQ�ZLOO�OHDG�WR�ELDVHG�LQYHVWPHQW�GHFLVLRQV�
:H�GLVWLQJXLVK�WKUHH�ZD\V�WR�DGGUHVV�UHOLDELOLW\�SUREOHPV�LQ�WUDQVSRUW��)LUVW��DW�WKH�VXSSO\�VLGHLQIUDVWUXFWXUH��URDG��UDLO��DQG�SXEOLF�WUDQVSRUW�VHUYLFHV�PD\�EH�H[WHQGHG�DQG�LPSURYHG�6HFRQG��GHPDQG�PDQDJHPHQW�PD\�WDNH�SODFH�YLD�SULFLQJ�DQG�RWKHU�PHDVXUHV�LQ�RUGHU�WRUHGXFH�GHPDQG�DW�WLPHV�DQG�SODFHV�LQ�WKH�QHWZRUN�ZKHUH�UHOLDELOLW\�SUREOHPV�DUH�XUJHQW��$WKLUG�ZD\�LV�WKH�SURYLVLRQ�RI�WUDYHOOHU�LQIRUPDWLRQ�ZLWK�WKH�DLP�WR�UHGXFH�WKH�QHJDWLYH�HIIHFWVRI�UHOLDELOLW\�SUREOHPV�IRU�WUDYHOOHUV��7KLV�DVSHFW�ZLOO�UHFHLYH�VSHFLDO�DWWHQWLRQ�LQ�WKH�SDSHU�J
,Q�WKLV�SDSHU�ZH�KDYH�FKRVHQ�WR�IRFXV�RQ�UHOLDELOLW\�LQ�PXOWLPRGDO�SDVVHQJHU�WUDQVSRUW��,W�LVKHUH�WKDW�WKH�LVVXH�RI�UHOLDELOLW\�LV�YHU\�SHUWLQHQW��EHFDXVH�RI�WKH�VSHFLILF�SUREOHPV�UDLOZD\FRPSDQLHV�DQG�EXV�RSHUDWRUV�DUH�IDFLQJ�LQ�VHYHUDO�FRXQWULHV��,Q�DGGLWLRQ��PXOWLPRGDO�WULSVLPSO\�WUDYHO�FKDLQV�ZLWK�GLIIHUHQWLDWHG�HOHPHQWV�VRPH�RI�ZKLFK��IRU�H[DPSOH�ZDLWLQJ�DWSODWIRUPV��DUH�KLJKO\�VHQVLWLYH�WR�XQFHUWDLQW\�SUREOHPV�
7KH�DLP RI�WKLV�SDSHU�LV�WZRIROG��)LUVW��ZH�ZDQW�WR�GLVFXVV�WKH�LPSOLFDWLRQV�RI�LJQRULQJUHOLDELOLW\�LVVXHV�LQ�YDOXH�RI�WLPH�VWXGLHV��:H�ZLOO�VKRZ�WKDW�ZKHQ�UHOLDELOLW\�LV�QRW�PDGHH[SOLFLW�LQ�WKH�DQDO\VLV�RI�YDOXH�RI�WLPH��LW�PD\�OHDG�WR�GLVWRUWHG�HVWLPDWHV��7KH�VHFRQG�DLP�LVWKDW�ZH�ZLOO�FRQVLGHU�WKH�LPSDFWV�RI�LQIRUPDWLRQ�SURYLVLRQ�RQ�YDOXH�RI�WLPH�LQ�WUDQVSRUW�
6HFWLRQ���GLVFXVVHV�VRPH�FRQFHSWXDO�LVVXHV�RQ�UHOLDELOLW\�DQG�UHODWHG�WHUPV��,Q�VHFWLRQ��UHOLDELOLW\�LPSOLFDWLRQV�IRU�WKH�YDOXH�RI�WLPH�ZLOO�EH�GLVFXVVHG�XQGHU�YDULRXV�DVVXPSWLRQV�,PSOLFDWLRQV�RI�LQIRUPDWLRQ�SURYLVLRQ�IRU�WKH�WLPH�UHODWHG�FRVWV�RI�WUDQVSRUW�DUH�GHDOW�ZLWK�LQVHFWLRQ����6HFWLRQ���FRQFOXGHV�
���&RQFHSWXDO�LVVXHV�RQ�XQFHUWDLQW\�LQ�WUDYHO�EHKDYLRXU
&RQVLGHU�D�WUDYHOOHU�ZKR�FDQ�FKRRVH�DPRQJ�Q�DOWHUQDWLYHV��IRU�H[DPSOH�WUDQVSRUW�PRGHV�RUURXWHV��7KH�XWLOLW\��RU�JHQHUDOLVHG�FRVWV��RI�WKH�DOWHUQDWLYHV�GHSHQG�RQ�FULWHULD�VXFK�DV�WKH
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PRQHWDU\�FRVWV��WUDYHO�WLPH��SRVVLEO\�GLVWLQJXLVKHG�DFFRUGLQJ�WR�LQ�YHKLFOH�WLPH��ZDLWLQJ�WLPH�DFFHVV�WLPH��HWF���DQG�RWKHU�FRPIRUW�DVSHFWV��7KHVH�IHDWXUHV�ZLOO�EH�GHQRWHG�DV�[��������[-�8QFHUWDLQW\�PHDQV�WKDW�WKH�WUDYHOOHU�GRHV�QRW�NQRZ�WKH�H[DFW�YDOXHV�RI�WKH�FKRLFHFKDUDFWHULVWLFV��7KH\�DUH�VXEMHFW�WR�YDULDWLRQ��7KXV��HDFK�IHDWXUH�[M KDV�D�GHQVLW\�RI�SRVVLEOHUHVXOWV��JM�[M��ZLWK�PHDQ��M DQG�YDULDQFH�1�M�7KH�QDWXUH�RI�WKLV�XQFHUWDLQW\�PD\�EH�WKUHHIROG��VHH�7DEOH������ 7KH�RXWFRPH�IRU�WKH�FULWHULRQ�LV�FHUWDLQ��EXW�WKH�WUDYHOOHU�ODFNV�NQRZOHGJH�RQ�LW�� 7KH�RXWFRPH�LV�VWUXFWXUDOO\�XQFHUWDLQ�EHFDXVH�WUDQVSRUW�QHWZRUNV�DUH�VXEMHFW�WRGLVWXUEDQFHV��EXW�WKH�WUDYHOOHU�LV�KDV�FRPSOHWH�NQRZOHGJH�RQ�WKH�YDULDWLRQ��� 7KH�RXWFRPH�LV�VWUXFWXUDOO\�XQFHUWDLQ��DQG�WKH�LQIRUPDWLRQ�DYDLODEOH�WR�WKH�WUDYHOOHU�LVLQFRPSOHWH�)XUWKHU��7DEOH���FRQWDLQV�FRPSOHWH�FHUWDLQW\�RQ�FHUWDLQ�RXWFRPHV��FDVH����DV�WKH�UHIHUHQFHFDVH�
.QRZOHGJH�RI�WUDYHOOHU�&HUWDLQ�FRPSOHWH� 8QFHUWDLQ�LQFRPSOHWH�

1HWZRUN�IHDWXUHV� &HUWDLQ�GHWHUPLQLVWLF� &DVH����FRPSOHWHLQIRUPDWLRQ�RQGHWHUPLQLVWLFRXWFRPH
&DVH����LQFRPSOHWHLQIRUPDWLRQ�RQFHUWDLQ�RXWFRPH

8QFHUWDLQ�VWRFKDVWLF� &DVH����FRPSOHWHLQIRUPDWLRQ�RQVWRFKDVWLF�RXWFRPH
&DVH����LQFRPSOHWHLQIRUPDWLRQ�RQXQFHUWDLQ�RXWFRPH

7DEOH����&RPELQDWLRQV�RI�XQFHUWDLQW\�GLPHQVLRQV�LQ�WUDQVSRUW�QHWZRUNV
$V�DQ�H[DPSOH�RI�FDVH���FRQVLGHU�XQFHUWDLQW\�RQ�WKH�PRQHWDU\�FRVWV�RI�D�WULS��)RU�D�FDU�GULYHUWKLV�PD\�UHODWH�WR�WKH�IDFW�WKDW�KH�GRHV�QRW�NQRZ�H[DFWO\�KRZ�PXFK�SHWURO�KH�ZLOO�XVH��RU�ZKDWZLOO�EH�WKH�OHYHO�RI�D�WROO��,Q�D�VLPLODU�ZD\�D�SXEOLF�WUDQVSRUW�WUDYHOOHU�PD\�QRW�NQRZ�H[DFWO\KRZ�PXFK�KH�ZLOO�KDYH�WR�SD\�IRU�D�WLFNHW��0XFK�RI�WKLV�XQFHUWDLQW\�FDQ�EH�UHPRYHG�E\PDNLQJ�LQIRUPDWLRQ�DFTXLVLWLRQ�HIIRUWV���7KH�EDVLF�WUDGH�RII�LQYROYHG�KHUH�LV�WKH�EXUGHQ�RI�WKHHIIRUW�RI�LQIRUPDWLRQ�JDWKHULQJ�YHUVXV�WKH�XWLOLW\�ORVV�EHFDXVH�D�µZURQJ¶�GHFLVLRQ�ZDV�PDGH�$QRWKHU�UHOHYDQW�XQFHUWDLQW\�RI�WKLV�W\SH�FRQFHUQV�WUDYHO�WLPHV�LQ�URDG�WUDQVSRUW�DQG�GHSDUWXUHDQG�DUULYDO�WLPHV LQ�SXEOLF�WUDQVSRUW��+HUH�WKH�XQFHUWDLQW\�FRXOG�EH�UHPRYHG�E\�ORRNLQJ�DWURXWH�SODQQHUV�IRU�URDG�WULSV�RU�SXEOLF�WUDQVSRUW�WLPHWDEOHV��7KH�WUDGH�RII�EHWZHHQ�WKH�EXUGHQRI�LQIRUPDWLRQ�DFTXLVLWLRQ�DQG�WKH�ORVV�GXH�WR�D�ZURQJ�GHFLVLRQ�LV�HYLGHQW�LQ�WKH�FKRLFH�RIGHSDUWXUH�WLPH�RI�SXEOLF�WUDQVSRUW�WUDYHOOHUV��:KHQ�IUHTXHQF\�LV�ORZ��WUDYHOOHUV�ZRXOGW\SLFDOO\�ILUVW�FRQVXOW�WKH�WLPHWDEOH�EHIRUH�JRLQJ�WR�WKH�SXEOLF�WUDQVSRUW�VWRS��7KLV�LV�D�FOHDUH[SUHVVLRQ�RI�WKH�IDFW�WKDW�LQIRUPDWLRQ�KDV�YDOXH�IRU�WKH�WUDYHOOHUV��LPSO\LQJ�WKDW�WKHUH�LV�DZLOOLQJQHVV�WR�SD\�IRU�LW�
$IWHU�WKH�LQIRUPDWLRQ�DFTXLVLWLRQ�KDV�WDNHQ�SODFH�DQRWKHU�SRVVLEOH�VRXUFH�RI�XQFHUWDLQW\UHPDLQV��L�H���ZKHQ�WUDQVSRUW�V\VWHPV�DUH�VXEMHFW�WR�GLVWXUEDQFHV��:H�XVH�WKH�WHUP�µUHOLDELOLW\IRU�WKLV�SXUSRVH��7KH�DERYH�PHQWLRQHG�GHQVLW\�JM�[M��QHHGV�IXUWKHU�FODULILFDWLRQ�WR�PDNH�LW�DXVHIXO�FRQFHSW��)LUVW�RI�DOO��LW�PD\�GHSHQG�RQ�WKH�IHDWXUHV�RI�LQGLYLGXDO�L�LWVHOI��)RU�H[DPSOH��LQURDG�WUDQVSRUW��WRWDO�WUDYHO�WLPH�ZLOO�GHSHQG�DPRQJ�RWKHUV�RQ�VSHHG�FKRLFH�ZKLFK�LV�SDUWO\
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GHWHUPLQHG�E\�IHDWXUHV�RI�WKH�SHUWDLQLQJ�LQGLYLGXDO�L ��,Q�DGGLWLRQ��WUDYHO�WLPH�GHSHQGV�RQVLWXDWLRQDO�FLUFXPVWDQFHV�]�VXFK�DV�WLPH�RI�GD\��W\SH�RI�GD\��IRU�H[DPSOH�ZHHNGD\�YHUVXVZHHNHQG���ZHDWKHU�FRQGLWLRQV��WKH�RFFXUUHQFH�RI�D�VWULNH�RU�DQ�DFFLGHQW��HWF��7KXV��WKH�GHQVLW\JM�[M��FDQ�EH�JHQHUDOLVHG�WR�EHFRPH�JML�[ML_�]���,QIRUPDWLRQ�RQ�JML�[ML _�]��PD\�EH�DYDLODEOH�WR�WKHWUDYHOOHU�LQ�YDULRXV�ZD\V��,I�KH�LV�D�UHJXODU�WUDYHOOHU�KH�PD\�NQRZ�UDWKHU�ZHOO�WKH�VKDSH�RI�WKHGHQVLW\�JML�[ML _�]���+RZHYHU��ZKHQ�KH�LV�QRW�D�UHJXODU�WUDYHOOHU�KH�PD\�KDYH�D�GLVWRUWHG�YLHZ�RIWKLV�GHQVLW\�OHDGLQJ�WR�D�PLVFRQFHSWLRQ�RI�ERWK�LWV�PHDQ�DQG�YDULDQFH��VHH�IRU�H[DPSOH�([HODQG�5LHWYHOG��������
:LWKLQ�WKH�FRQWH[W�RI�UHOLDELOLW\�WKHUH�LV�D�IXUWKHU�GLVWLQFWLRQ�WR�EH�PDGH�EHWZHHQ�WUDQVSRUWVHUYLFHV�ZLWK�DQG�ZLWKRXW�D�WLPHWDEOH��,Q�WKH�ODWWHU�FDVH�WKH�WHUP�µSXQFWXDOLW\¶ FDQ�EH�XVHG��$WLPHWDEOH�RI�D�SXEOLF�WUDQVSRUW�FRPSDQ\��SRVVLEO\�FRPELQHG�ZLWK�D�FHUWDLQ�WROHUDQFH�OHYHO�WUDLQV�VKRXOG�QRW�DUULYH�PRUH�WKDQ���PLQXWHV�ODWH��DOORZV�RQH�WR�REVHUYH�GHYLDWLRQV�IURP�DFHUWDLQ�VWDQGDUG��,Q�WKH�FDVH�RI�URDG�WUDQVSRUW�VXFK�H[SOLFLW�VWDQGDUGV�DUH�XVXDOO\�QRW�JLYHQ��EXWD�WHQGHQF\�WR�IRUPXODWH�D�JXDUDQWHHG�VSHHG�RQ�PRWRUZD\V�PD\�EH�REVHUYHG��IRU�H[DPSOH0LQLVWU\�RI�7UDQVSRUW�������IRUPXODWHV�D����NPSK�ORZHU�OLPLW�IRU�VSHHGV�RQ�PRWRUZD\V��6XFK�D�GHYHORSPHQW�ZRXOG�UHGXFH�WKH�GLIIHUHQFH�EHWZHHQ�WUDQVSRUW�E\�SULYDWH�FDU�DQG�SXEOLFWUDQVSRUW�VLQFH�LQ�ERWK�FDVHV�WKHUH�ZRXOG�D�VXSSOLHU��RI�LQIUDVWUXFWXUH�RU�VHUYLFHV��WKDW�XWLOLVHVFHUWDLQ�TXDOLW\�VWDQGDUGV�
5HVHDUFK�RQ�XQFHUWDLQW\�LQ�WUDQVSRUW�XVXDOO\�DGGUHVVHV�WUDYHO�WLPHV��2WKHU�UHOHYDQW�GLPHQVLRQVRI�XQFHUWDLQW\�PD\�UHODWH�WR�FRPIRUW�DVSHFWV�VXFK�DV�WKH�SUREDELOLW\�WR�JHW�D�VHDW�LQ�SXEOLFWUDQVSRUW��7KXV��RQH�DUULYHV�DW�D�GHQVLW\�IM¶�[M¶ _�]��RI�FRPIRUW�OHYHO�[M¶��$QRWKHU�DVSHFW�RIXQFHUWDLQW\�LV�WKH�SUREDELOLW\�RI�D�VDIH�DUULYDO��7KLV�DVSHFW�LV�DGGUHVVHG�LQ�WKH�OLWHUDWXUH�XQGHUWKH�KHDGLQJ�RI�VDIHW\�DQG�LW�ZLOO�QRW�EH�IXUWKHU�DGGUHVVHG�KHUH��2EYLRXVO\�WKH�SUREDELOLWLHV�RIVDIH�DUULYDO�DUH�YHU\�FORVH�WR����1HYHUWKHOHVV�IHDU�RI�DFFLGHQWV�SOD\V�DQ�LPSRUWDQW�UROH�LQEHKDYLRXU�RI�PDQ\�WUDYHOOHUV��IHDU�IRU�D�FDU�DFFLGHQW��RI�IRU�WUDYHOOLQJ�E\�DLU���7KH�SHUFHSWLRQRI�ULVNV�DIWHU�WKH�HYHQWV�RQ����6HSWHPEHU������KDV�KDG�D�VWURQJ�LPSDFW�RQ�GHPDQG�IRUDYLDWLRQ��$OVR��ODFN�RI��VRFLDO�VDIHW\�LV�DQ�LPSRUWDQW�FULWHULRQ�RI�PRGH�FKRLFH�LQ�WUDQVSRUW�
7KH�GLVWULEXWLRQV�RI�WUDYHO�WLPH�DQG�FRPIRUW�OHYHO�PD\�EH�FRUUHODWHG��,Q�WKH�FDVH�RI�GHOD\V�RUFDQFHOOHG�WUDLQV�RQH�ZLOO�SUREDEO\�ILQG�WKDW�D�ORQJHU�WUDYHO�WLPH�LPSOLHV�D�ORZHU�SUREDELOLW\�WRJHW�D�VHDW��$OVR�LQ�PXOWLPRGDO�WULSV�XQUHOLDELOLW\�RI�WUDQVSRUW�WLPH�OHDGV�WR�D�SUREDELOLW\�WKDWFRQQHFWLRQV�DUH�PLVVHG��7KLV�GRHV�QRW�RQO\�OHDG�WR�ORQJHU�WRWDO�WUDQVSRUW�WLPH��EXW�DOVR�WR�DKLJK�VKDUH�RI�WLPH�VSHQW�ZDLWLQJ�
0RVW�VWXGLHV�RQ�XQFHUWDLQW\�LQ�WUDQVSRUW�IRFXV�RQ�WKH�FKRLFH�RI�URXWH��PRGDOLW\�RU�GHSDUWXUHWLPH��+RZHYHU��XQFHUWDLQW\�LQ�WKH�WUDQVSRUW�V\VWHP�PD\�DOVR�KDYH�DQ�LPSDFW�RQ�WULSJHQHUDWLRQ�DQG�FKRLFH�RI�GHVWLQDWLRQ��7KH�RFFXUUHQFH�RI�D�VWULNH�RU�WKH�WKUHDW�RI�LW�PD\�LQGXFHSHRSOH�QRW�WR�GHSDUW�IRU�WKHLU�FRPPXWLQJ�WULS�RQ�D�FHUWDLQ�GD\��$QG��VLPLODUO\�WKH\�PD\�FKRRVHDQRWKHU�VKRSSLQJ�FHQWUH�XQGHU�VXFK�FLUFXPVWDQFHV��,Q�WKH�FRQWH[W�RI�GHVWLQDWLRQ�FKRLFHXQFHUWDLQW\�PD\�DOVR�SOD\�DQRWKHU�UROH��QDPHO\�XQFHUWDLQW\�RQ�WKH�TXDOLW\�RI�WKH�GHVWLQDWLRQ�6KRSSLQJ�EHKDYLRXU�LV�DQ�H[DPSOH�ZKHUH�VKRSSHUV�ORRNLQJ�IRU�D�VSHFLDOLW\�JRRG�PD\�YLVLWVHYHUDO�GHVWLQDWLRQV�EHIRUH�WKH\�PDNH�WKHLU�FKRLFH��7KLV�LV�SDUW�RI�WKH�OLWHUDWXUH�RQ�VSDWLDOVHDUFK��*RUWHU��������0DLHU���������7KH�SRLQW�LV�WKDW�WKLV�W\SH�RI�XQFHUWDLQW\�OHDGV�WR�DQLQFUHDVH�RI�WUDYHO�DFWLYLW\��WUDYHO�LV�D�PHDQV�WR�FROOHFW�LQIRUPDWLRQ���ZKHUHDV�WKH�RWKHUXQFHUWDLQWLHV�ZRXOG�WHQG�WR�OHDG�WR�D�GHFUHDVH�RI�WUDYHO�DFWLYLW\�
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���8QFHUWDLQW\�LPSOLFDWLRQV�IRU�WKH�YDOXDWLRQ�RI�WUDYHO�WLPH�VDYLQJV�LQ� PXOWLPRGDO�WULSV�
,Q�WKLV�VHFWLRQ�,�DGGUHVV�WKH�FRQVHTXHQFHV�RI�LQWURGXFLQJ�XQFHUWDLQW\�LQ�GHFLVLRQ�PDNLQJ�RIWUDYHOOHUV�ZKR�FRQVLGHU�D�SXEOLF�WUDQVSRUW�WULS��9DULRXV�VHWWLQJV�ZLOO�EH�GHVFULEHG��6SHFLDODWWHQWLRQ�ZLOO�EH�SDLG�WR�WKH�LPSOLFDWLRQV�RI�WUDYHO�WLPH�XQFHUWDLQW\�IRU�WKH�HVWLPDWLRQ�RI�WKHYDOXH�RI�WLPH�
$VVXPH�WKDW�D�WUDYHOOHU�FRQVLGHUV�D�SXEOLF�WUDQVSRUW�WULS�FRQVLVWLQJ�RI���HOHPHQWV��EXW�WKHDSSURDFK�ZRXOG�DOVR�DSSO\�WR�VLPSOHU�RU�PRUH�FRPSOH[�WULSV����ZDONLQJ�WR�EXV�VWRS���ZDLWLQJ�DW�EXV�VWRS���EXV�ULGH���ZDONLQJ�IURP�EXV�VWRS�WR�UDLOZD\�VWDWLRQ���ZDLWLQJ�DW�UDLOZD\��VWDWLRQ���WUDLQ�ULGH���ZDONLQJ�WR�ILQDO�GHVWLQDWLRQ�/HW�W��������W� EH�WKH�WLPHV�XVHG�IRU�WKHVH�WULS�FRPSRQHQWV�DQG�OHW�S�GHQRWH�WKH�PRQHWDU\H[SHQGLWXUH�PDGH�ZLWK�UHVSHFW�WR�D�WULS�
:H�ZLOO�DGGUHVV�D�QXPEHU�RI�DOWHUQDWLYH�VSHFLILFDWLRQV�RI�XQFHUWDLQW\�LQ�WUDQVSRUW�DQGLQYHVWLJDWH�WKH�LPSOLFDWLRQV�IRU�WKH�PDUJLQDO�YDOXH�RI�WUDYHO�WLPH�VDYLQJV��7KH�YDULRXVGLPHQVLRQV�DUH�LQGLFDWHG�LQ�7DEOH���
FDVH FHUWDLQW\�XQFHUWDLQW\ FRQVWDQW�YDULDEOHPDUJLQDO�YDOXH�RIWUDYHO�WLPHVDYLQJV�PYRWV

ULVN�DWWLWXGH�H[SHFWHG�XWLOLW\YV�ULVN�DYHUVLRQ
VFKHGXOLQJFRVWV�

� FHUWDLQW\ FRQVWDQW Q�D� QR� XQFHUWDLQW\ FRQVWDQW H[SHFWHG�XWLOLW\ QR� FHUWDLQW\ YDULDEOH Q�D QR� XQFHUWDLQW\ YDULDEOH H[SHFWHG�XWLOLW\ QR� XQFHUWDLQW\ FRQVWDQW ULVN�DYHUVLRQ QR� XQFHUWDLQW\ FRQVWDQW H[SHFWHG�XWLOLW\ \HV
7DEOH����$OWHUQDWLYH�VHWWLQJV�IRU�WKH�DQDO\VLV�RI�XQFHUWDLQW\�LPSOLFDWLRQV�RQ�WKH�PDUJLQDO�YDOXHRI�WUDYHO�WLPH�VDYLQJV�
���&RPSOHWH�FHUWDLQW\��FRQVWDQW�PDUJLQDO�YDOXH�RI�WUDYHO�WLPHV�:H�VWDUW�ZLWK�WKH�UHIHUHQFH�FDVH�RI�FHUWDLQW\�WR�SURYLGH�D�FRQWUDVW�IRU�XQFHUWDLQW\�DQDO\VLV�$VVXPH�WKDW�WKH�XWLOLW\�LV�D�OLQHDU�IXQFWLRQ�RI�WUDYHO�WLPHV�DQG�SULFH��DQG�WKDW�XQFHUWDLQW\�GRHVQRW�RFFXU�
8� �D��W� ��������D��W� ��E�S ���
7KH�SDUDPHWHUV�D������D�� DQG�S�DUH�DOO�QHJDWLYH��7KH�PDUJLQDO�YDOXH�RI�HDFK�WUDYHO�WLPHFRPSRQHQW�M�LV�GHILQHG�DV�WKH�PDUJLQDO�UDWH�RI�VXEVWLWXWLRQ�EHWZHHQ�WUDYHO�WLPH�WM DQG�SULFH�DQGFDQ�EH�FRPSXWHG�DV�DM�E��7KHVH�PDUJLQDO�YDOXHV�DUH�GHILQHG�DV�WKH�FKDQJH�LQ�SULFH�QHFHVVDU\WR�FRPSHQVDWH�D�WUDYHOOHU�IRU�D�ORVV�RI�RQH�XQLW�WUDYHO�WLPH�VR�WKDW�WKH�WUDYHOOHU�UHPDLQV�DW�WKHVDPH�OHYHO�RI�XWLOLW\�
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,W�DSSHDUV�IURP�WKH�OLWHUDWXUH�WKDW�WKH�YDOXHV�RI�D������D� DUH�QRW�HTXDO��6RPH�DVSHFWV�RI�WUDYHOWLPH�DUH�ZHLJKHG�PRUH�KHDYLO\�WKDQ�RWKHU�DVSHFWV��)RU�H[DPSOH��D�WHQGHQF\�H[LVWV�WKDWZDONLQJ�WLPHV�DUH�YDOXHG�KLJKHU�WKDQ�ZDLWLQJ�WLPHV��,Q�YHKLFOH�WLPHV�DUH�YDOXHG�ORZHU�WKDQRXW�RI�YHKLFOH�WLPHV��DQG�WUDLQV�WHQG�WR�EH�FRQVLGHUHG�PRUH�FRPIRUWDEOH�WKDQ�EXVVHV��VHH�IRUH[DPSOH�:DDUG��������:DUGPDQ���������7KLV�ZRXOG�LPSO\
D��E�����D��E�������D��E �D��E�������D��E �D��E �D��E�� ���
7KLV�PHDQV�WKDW�SDVVHQJHUV�DWWDFK�KLJKHU�YDOXHV�WR�UHGXFWLRQV�LQ�DFFHVV�PRGHV�DQG�LQ�ZDLWLQJWLPHV�WKDQ�WKH\�GR�WR�LQFUHDVHV�LQ�VSHHGV��,PSRUWDQW�GHWHUPLQDQWV�RI�WKHVH�GLIIHUHQFHV�LQYDOXHV�RI�WLPH�VHHP�WR�EH��FRPIRUW�OHYHOV��VLWWLQJ�LQ�D�WUDLQ�LV�PRUH�FRPIRUWDEOH�WKDQ�ZDLWLQJ�DW�D�SODWIRUP��DOWHUQDWLYH�XVH�RI�WLPH��ZDONLQJ�PD\�EH�FRQVLGHUHG�DV�ORVW�WLPH��ZKHUHDV�RQH�PD\�UHDG�ERRNVZKLOH�VLWWLQJ�LQ�D�WUDLQ��DWWUDFWLYHQHVV�RI�YLHZV��SXEOLF�WUDQVSRUW�PD\�OHDG�WKH�WUDYHOOHUV�WKURXJK�LQWHUHVWLQJ�DUHDV�VRPHWKLQJ�ZKLFK�GRHV�QRW�KROG�ZKHQ�WKH\�DUH�ZDLWLQJ�DW�VWRSV�,Q�PDQ\�VWXGLHV�RQ�WKH�YDOXH�RI�WUDYHO�WLPH�GLVWLQFWLRQV�EHWZHHQ�WKH�YDULRXV�SDUWV�RI�D�WULS�DUHQRW�PDGH��/HW�WWRW EH�WKH�WRWDO�WLPH�RI�WKH�WULS��7KHQ�WKH�DYHUDJH�YDOXH�RI�WLPH��927��IRU�WKHFRPSOHWH�WULS�ZRXOG�EH
$YHUDJH�927� �M �WM�WWRW��DM ��E ���
0DNLQJ�D�WULS�IDVWHU�E\�LQFUHDVLQJ�WKH�VSHHG�RI�WKH�UDLO�SDUW�REYLRXVO\�UHGXFHV�WKH�WLPH�UHODWHGFRVWV�RI�WKH�WULS��+RZHYHU��LW�DOVR�OHDGV�WR�D�KLJKHU�927�IRU�WKH�WRWDO�WULS�EHFDXVH�WKH�VKDUH�RIWKH�IDVW�SDUW�ZLWK�LWV�ORZ�YDOXH�RI�WLPH�GHFUHDVHV��)URP�WKLV�SHUVSHFWLYH��D�UHOHYDQW�DOWHUQDWLYHWR�LPSURYH�SXEOLF�WUDQVSRUW�ZRXOG�EH�WR�FKDQJH�RWKHU�QHWZRUN�IHDWXUHV�VXFK�DV�ZDONLQJ�WLPHDQG�ZDLWLQJ�WLPHV�DW�VWRSV�LQ�VWHDG�RI�VSHHG�LQFUHDVHV�
���8QFHUWDLQW\�YDOXHG�YLD�H[SHFWHG�XWLOLW\��FRQVWDQW�PDUJLQDO�YDOXHV�RI�WUDYHO�WLPHV�:KDW�DUH�WKH�FRQVHTXHQFHV�ZKHQ�XQFHUWDLQW\�LV�LQWURGXFHG"�$V�ZH�LQGLFDWHG�DERYH�XQFHUWDLQW\�PD\�UHODWH�WR�ERWK�ODFN�RI�NQRZOHGJH�DQG�VWRFKDVWLFV�LQ�WKH�IXQFWLRQLQJ�RIWUDQVSRUW�QHWZRUNV��,Q�DQ�DQDO\WLFDO�VHQVH�WKH�WZR�OHDG�WR�VLPLODU�IRUPXODWLRQV�LQ�WHUPV�RIGHQVLWLHV�RI�WUDYHO�WLPH�RXWFRPHV�W������W���%XW�LQ�DQ�HPSLULFDO�VHQVH�WKH�WZR�PD\�OHDG�WRGLIIHUHQW�RXWFRPHV��7R�NHHS�WKH�GLVFXVVLRQ�FRPSDFW��ZH�ZLOO�IRFXV�RQ�WKH�XQUHOLDELOLW\LQWHUSUHWDWLRQ�RI�XQFHUWDLQW\�LQ�WKLV�VHFWLRQ�
8QFHUWDLQW\�PHDQV�WKDW�WKHUH�LV�D�MRLQW�GHQVLW\�RI�RXWFRPHV�IRU�W��������W���J>W��������W�@��7KH�LVVXHRI�UHOLDELOLW\�PDLQO\�FRQFHUQV�W��DQG�W� �ZDLWLQJ�IRU�DQG�VLWWLQJ�LQ�WKH�EXV��DQG�W� DQG�W� �VDPHIRU�WUDLQ����1RWH�WKDW�GXH�WR�WKH�YDULRXV�LQWHUGHSHQGHQFLHV�WKLV�MRLQW�GHQVLW\�ZRXOG�LPSO\�QRQ�]HUR�FRUUHODWLRQV�EHWZHHQ�WKH�OHQJWK�RI�WKH�EXV�ULGH�DQG�ZDLWLQJ�WLPH�DW�WKH�UDLOZD\�VWDWLRQ�)RU�H[DPSOH��D�YXOQHUDEOH�EXV�V\VWHP�PD\�LPSO\�D�SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�W� DQG�W���%XWWKHUH�PD\�DOVR�EH�QHJDWLYH�FRUUHODWLRQV��ZKHQ�WKHUH�LV�VRPH�VODFN�LQ�WKH�VFKHGXOH��D�VORZ�EXVZLOO�LQFUHDVH�WKH�LQ�YHKLFOH�WLPH�LQ�WKH�EXV�W���EXW�GHFUHDVH�WKH�ZDLWLQJ�WLPH�DW�WKH�UDLOZD\VWDWLRQ�W����7KH�YDOXDWLRQ�RI�XQFHUWDLQW\�FDQ�EH�GRQH�LQ�YDULRXV�ZD\V��,Q�WKH�SUHVHQW�FDVH�ZH�FRQVLGHUH[SHFWHG�XWLOLW\�DV�WKH�YDOXDWLRQ�VWUDWHJ\�DGRSWHG�E\�WKH�WUDYHOOHU��:LWK�FRQVWDQW�PDUJLQDOYDOXHV�RI�WLPH��H[SHFWHG�XWLOLW\�PHDQV�WKDW�D�WUDYHOOHU�LV�LQGLIIHUHQW�EHWZHHQ�D�WULS�WKDW�WDNHV���PLQXWHV�ZLWK�FHUWDLQW\��DQG�D�WULS�ZLWK�DQ�XQFHUWDLQ�GXUDWLRQ�XQLIRUPO\�GLVWULEXWHG�EHWZHHQ���DQG����PLQXWHV��7KLV�LV�D�UDWKHU�VLPSOH�DSSURDFK�WR�DGGUHVV�XQFHUWDLQW\��EHFDXVH�LW�LPSOLHV
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WKDW�LVVXHV�VXFK�DV�DUULYLQJ�HDUO\�RU�ODWH��QHFHVVLW\�WR�DGMXVW�DFWLYLW\�SODQV��QHHG�WR�LQIRUPRWKHU�SHRSOH�RQ�FKDQJHV�LQ�VFKHGXOHV��VWUHVV��ORVV�RI�WLPH��HWF��DUH�QRW�UHOHYDQW��1HYHUWKHOHVV�LW�LV�XVHIXO�WR�FRQVLGHU�LW�DV�D�EHQFKPDUN�EHIRUH�DGGUHVVLQJ�PRUH�FRPSOH[�FDVHV�
,I�ZH�PD\�DVVXPH�WKDW�GHFLVLRQV�DUH�EDVHG�RQ�H[SHFWHG�XWLOLW\�ZH�KDYH�
:� ���«��^D��W� ��������D��W� ��E�S`�^J>W��������W�@`�GW����GW� ���
ZKLFK�LV�HTXDO�WR�
�M DM �«���WM ^J>W��������W�@`�GW����GW� ��E�S� �M DM (��WM����E�S ���
ZKHUH�(��WM��UHSUHVHQWV�WKH�H[SHFWHG�YDOXH�RI�WM�7KH�FRQFOXVLRQ�LV�WKDW�LQ�WKLV�FDVH�WKH�LQWURGXFWLRQ�RI�XQFHUWDLQW\�GRHV�QRW�OHDG�WR�SDUWLFXODUSUREOHPV��H[SHFWHG�YDOXHV�RI�WKH�WUDYHO�WLPH�FRPSRQHQWV�JLYH�VXIILFLHQW�LQIRUPDWLRQ�RQ�WKHH[SHFWHG�XWLOLW\�RI�DOWHUQDWLYHV��9DULDQFHV�DQG�FRYDULDQFHV�RI�WKH�YDULRXV�WM FDQ�EH�LJQRUHG�IRUWKLV�SXUSRVH��7KH�YDOXH�RI�HDFK�WUDYHO�WLPH�FRPSRQHQW�M�FDQ�DJDLQ�MXVW�EH�FRPSXWHG�DV�DM�E�7KHLU�LQWHUSUHWDWLRQ�LV�RQO\�VOLJKWO\�GLIIHUHQW��LW�UHSUHVHQWV�WKH�FKDQJH�LQ�SULFH�QHFHVVDU\�WRFRPSHQVDWH�D�WUDYHOOHU�IRU�D�ORVV�RI�H[SHFWHG�WUDYHO�WLPH�RI�RQH�XQLW�VR�WKDW�WKH�WUDYHOOHUUHPDLQV�DW�WKH�VDPH�OHYHO�RI�H[SHFWHG�XWLOLW\��8QGHU�WKH�DVVXPSWLRQ�WKDW�GHFLVLRQV�DUH�EDVHG�RQH[SHFWHG�XWLOLW\��WKH�RQO\�UHOHYDQW�HIIHFW�RI�WKH�LQWURGXFWLRQ�RI�XQUHOLDELOLW\�LV�WKDW�LW�PLJKWOHDG�WR�FKDQJHV�LQ�WKH�DYHUDJH�GXUDWLRQ�RI�WKH�YDULRXV�WULS�FRPSRQHQWV��7KHUH�LV�HYLGHQFH�WKDWLQ�SXEOLF�WUDQVSRUW�XQUHOLDELOLW\�KDV�D�PXFK�ODUJHU�HIIHFW�RQ�ZDLWLQJ�WLPHV�WKDQ�RQ�LQ�YHKLFOHWLPHV��7KLV�LV�VKRZQ�LQ�7DEOH�IRU�D�VDPSOH�RI�SXEOLF�WUDQVSRUW�WULSV�ZKHUH�LW�DSSHDUV�WKDWXQUHOLDELOLW\�OHDGV�WR�D�GRXEOLQJ�RI�ZDLWLQJ�WLPHV�ZKHUHDV�LQ�YHKLFOH�WLPHV�DUH�RQO\�PDUJLQDOO\DIIHFWHG��+HQFH�WKH�LQWURGXFWLRQ�RI�XQUHOLDELOLW\�ZLOO�LQFUHDVH�WKH�VKDUH�RI�ZDLWLQJ�WLPHV�LQWRWDO�WUDYHO�WLPH��LPSO\LQJ�DQ�LQFUHDVH�LQ�WKH�DYHUDJH�YDOXH�RI�WLPH�IRU�WKH�WRWDO�WULS��

7UDYHO�WLPH�DFFRUGLQJ�WRWLPH�WDEOH $FWXDO�WUDYHO�WLPH
:DLWLQJ�WLPH��PLQXWHV� � ��,Q�YHKLFOH�WLPH��PLQXWHV� �� ��7RWDO��PLQXWHV� �� ��6RXUFH��5LHWYHOG�HW�DO��������
7DEOH����&RPSDULVRQ�EHWZHHQ�WUDYHO�WLPHV��WLPH�WDEOH�YHUVXV�DFWXDO�WUDYHO�WLPHV�GXH�WRXQUHOLDELOLW\��LQ�D�VDPSOH�RI�PXOWLPRGDO�SXEOLF�WUDQVSRUW�WULSV��7KH�1HWKHUODQGV�
���1R�XQFHUWDLQW\��PDUJLQDO�YDOXH�RI�WUDYHO�WLPH�QRW�FRQVWDQW�&RQVLGHU�WKH�FDVH�WKDW�WKH�YDOXDWLRQ�RI�WLPH�GHSHQGV�RQ�WKH�OHQJWK�RI�WKH�WUDYHO�WLPH��6HH�'H-RQJ�HW�DO���������IRU�D�GLVFXVVLRQ��)RU�H[DPSOH��IRU�D�SDVVHQJHU�VLWWLQJ�LQ�D�SODQH�WKH�WULS�KDVWR�WDNH�DW�OHDVW�VD\����PLQXWHV�EHIRUH�KH�FDQ�GR�VRPHWKLQJ�XVHIXO�GXULQJ�WKH�WULS��7KLV�OHDGV�WRD�YDOXDWLRQ�RI�WUDYHO�WLPH�DV�GHSLFWHG�LQ�)LJ���
)LJ����([DPSOH�RI�YDOXDWLRQ�RI�WUDYHO�WLPH�DV�D�IXQFWLRQ�RI�GXUDWLRQ�RI�WULS�
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7KLV�PHDQV�WKDW�DM�WM PXVW�EH�UHSODFHG�E\��IM�WM��ZKHUH�IM�WM��LV�D�QRQ�OLQHDU�IXQFWLRQ�RI�WM�8� �I���W�����������I� �W�����E�S ���
,Q� D� VLWXDWLRQ� ZLWKRXW� XQFHUWDLQW\� WKH� PDUJLQDO� YDOXH� RI� WUDYHO� WLPH� FRPSRQHQW� M� LVG>IM�WM�@�G>WM@�E��7KXV��WKH�PDUJLQDO�YDOXH�RI�WUDYHO�WLPH�ORVVHV�KDV�D�GHILQLWLRQ�WKDW�LV�YHU\�FORVHWR� WKH�RQH� LQ� FDVH���� WKH� GLIIHUHQFH� EHLQJ� WKDW� LW� QRZ�GHSHQGV� RQ� WKH� OHYHO� RI� WM��1RWH�� WKDWDOWKRXJK� WKLV� IRUPXODWLRQ� LV� DOUHDG\�PRUH� FRPSOH[� WKDQ� WKH� UHIHUHQFH� FDVH���� LW� FDQ� VWLOO� EHFRQVLGHUHG�DV�D� UDWKHU� UHVWULFWLYH� IRUPXODWLRQ�EHFDXVH�RI� LWV�DGGLWLYH�FKDUDFWHU� LPSO\LQJ� WKDWWKHUH� LV� SHUIHFW� VXEVWLWXWDELOLW\�EHWZHHQ� WKH� WUDYHO� WLPH� FRPSRQHQWV��:H�QRZ� FRQVLGHU� KRZWKLV�WUDQVIHUV�WR�WKH�FDVH�RI�XQFHUWDLQW\�
���8QFHUWDLQW\�YDOXHG�YLD�H[SHFWHG�XWLOLW\��PDUJLQDO�YDOXH�RI�WUDYHO�WLPH�QRW�FRQVWDQW�7KH�H[SHFWHG�XWLOLW\�RI�D�WUDYHO�DOWHUQDWLYH�LV�
:� ��«���^�I� �W�����������I� �W�����E�S�`�^J>W��������W�@`�GW����GW� ���
,W�LV�FOHDU�WKDW�WKLV�H[SUHVVLRQ�LV�LQ�JHQHUDO�QRW HTXDO�WR�I���(�W������������I� �(�W������E�S��7KXV�WKH�FDVH�RI�FHUWDLQW\�FDQQRW�EH�HDVLO\�WUDQVODWHG�LQWR�WKH�FDVH�RI�XQFHUWDLQW\�E\�PDNLQJ�XVH�RIWKH� H[SHFWHG� YDOXH� RSHUDWRU� (� DQG� GHILQLQJ� WKH� 927� RI� WUDYHO� WLPH� FRPSRQHQW� M� DVG>IM�(�WM��@�G>WM@�E�� 7KH� FRUUHFW� DSSURDFK� WR� WKH� PHDVXUHPHQW� RI� WKH� YDOXH� RI� WLPH� UHDGV� DVIROORZV�� &RQVLGHU� WKH� PRUH� JHQHUDO� IRUPXODWLRQ� ZKHUH� I�� �W��� �� ���� �� I� �W��� GHSHQG� RQSDUDPHWHUV�.���«�.1 VR�WKDW�I�� �W����� ������I� �W��� �I�W��� ����W���.���«�.1���)XUWKHU�� OHW� WKH�MRLQWGHQVLW\� J�W��� ����� W��� KDYH� SDUDPHWHUV� IRU� H[SHFWHG� YDOXHV� RI� WUDYHO� WLPHV� ���«���� DQG� WKHLUYDULDQFHV�DQG�FRYDULDQFHV�1LM��7KHQ�H[SHFWHG�XWLOLW\�FDQ�EH�ZULWWHQ�DV�D�IXQFWLRQ�WKDW�GHSHQGVRQ�DOO�WKHVH�SDUDPHWHUV�
:� �)�.���«�.1�����«���� 1���«��1--����ES ���
7KH�YDOXH�RI�WLPH�HVWLPDWH�IRU�WULS�WLPH�M�EDVHG�RQ�WKLV�H[SUHVVLRQ�LV�
927M  �>G)�.���«�.1�����«���� 1���«��1--��G�M@�E ���
7KXV�� LW� DSSHDUV� WKDW� WKH� YDOXH� RI� WLPH� HVWLPDWH� RI� WULS� WLPH� M� GHSHQGV� RQ� DOO� SDUDPHWHUV�LQFOXGLQJ�WKH�PHDQV�DQG�YDULDQFHV�DQG�FRYDULDQFHV�RI�WKH�WUDYHO�WLPH�FRPSRQHQWV�
&RQVLGHU�DV�D�VLPSOH�H[DPSOH�D�WULS�ZLWK�RQO\�RQH�WUDYHO�WLPH�FRPSRQHQW��- ���DQG�ZKHUH�WKHPDUJLQDO�YDOXH�RI�WUDYHO�WLPH�ILUVW�LQFUHDVHV��DIWHU�ZKLFK�LW�GHFUHDVHV��FI��)LJXUH���IRU�D�VLPLODUFDVH� LQ� WKH� VLWXDWLRQ� RI� FHUWDLQW\��� 7KH� SDUDPHWHUV�. GHWHUPLQH� WKH� VKDSH� RI� WKH� IXQFWLRQ� I�1RWH�WKDW�WKH�FHUWDLQW\�FDVH���LV�HTXLYDOHQW�WR�WKH�XQFHUWDLQW\�FDVH���ZKHQ�1 ����7KHQ��JLYHQWKH�YDOXHV�RI�WKH�SDUDPHWHUV�. DQG�1 ��ZH�PD\�UHSODFH�WKH�D[HV�W�DQG�I�LQ�)LJXUH���E\�WKH�D[HV� (�W��DQG�(�I�W���DQG�VWLOO�KDYH�WKH�VDPH�SLFWXUH�� �:KHQ�XQFHUWDLQW\�SOD\V�D�UROH��1!���� WKHLQWURGXFWLRQ�RI�YDULDWLRQ�DURXQG�WKH�PHDQ�� PHDQV�WKDW�VPRRWKLQJ�WDNHV�SODFH�IRU�WKH�XWLOLW\OHYHO� �VHH�)LJXUH� ����$Q� LQWHUHVWLQJ� LPSOLFDWLRQ� LV� WKDW� GXH� WR� WKH� XQUHOLDELOLW\� WKH�PDUJLQDOYDOXH� RI� H[SHFWHG� WUDYHO� WLPHV� JHWV� FORVHU� WR� D� FRQVWDQW� YDOXH�� 7KH� ODUJHU� WKH� OHYHO� RIXQFHUWDLQW\�WKH�VPDOOHU�WKH�YDULDWLRQV�LQ�WKH�PDUJLQDO�YDOXH�RI�H[SHFWHG�WUDYHO�WLPH��,W�IROORZVWKDW�LQ�WKLV�FRQWH[W�WKH�PDUJLQDO�YDOXH�RI�WUDYHO�WLPH�GHSHQGV�RQ�WKH�YDULDQFH�RI�WUDYHO�WLPHV�DQG� WKDW�ZH�FDQQRW� UXOH�RXW� WKH�SDUDGR[LFDO� UHVXOW� WKDW� DQ� LQFUHDVH� LQ� WKH�YDULDQFH� �NHHSLQJPHDQ� WUDYHO� WLPH� HTXDO�� OHDGV� WR� D� GHFUHDVH� RI� WKH�PDUJLQDO� YDOXH� RI� H[SHFWHG� WUDYHO� WLPH��7KLV�KDSSHQV�LQ�)LJXUH���DW�WKH�ULJKW�VLGH�RI�WKH�LQIOHFWLRQ�SRLQW��
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)LJ�� �� 9DOXDWLRQ� RI� WUDYHO� WLPH� DV� D� IXQFWLRQ� RI� WULS� GXUDWLRQ� XQGHU� FHUWDLQW\� �1 ��� DQGXQFHUWDLQW\��1 !���
��� 8QFHUWDLQW\� YDOXHG� YLD� H[SHFWHG� XWLOLW\� ZLWK� D� SHQDOW\� IRU� VWDQGDUG� GHYLDWLRQ�� PDUJLQDOYDOXH�RI�WUDYHO�WLPH�FRQVWDQW�7KXV� IDU�� WKH� LPSOLFDWLRQV� RI� XQFHUWDLQW\� RQ� WKH� XWLOLW\� RI� WUDYHOOLQJ� KDYH� EHHQ� UDWKHUVWUDLJKWIRUZDUG� WR�GHDO�ZLWK��+RZHYHU�� HVSHFLDOO\�ZKHQ�DFWLYLWLHV�DUH� VFKHGXOHG� WR� VWDUW� DW� DFHUWDLQ� WLPH�� XQFHUWDLQW\� RQ� WUDYHO� WLPHV� LV� SUREOHPDWLF�� 7KLV�ZLOO� EH� DGGUHVVHG� LQ� WKH� QH[WFDVH�� %XW� DOVR� ZKHQ� DFWLYLWLHV� DUH� QRW� VFKHGXOHG�� SDVVHQJHUV� PD\� FRQVLGHU� XQFHUWDLQW\� DVXQDWWUDFWLYH�� 2QH� RI� WKH� UHDVRQV� LV� WKDW� XQFHUWDLQW\� PD\� DIIHFW� WKH� FRPIRUW� RI� WULSV�XQUHOLDELOLW\� RI� VHUYLFHV� PD\� IRU� H[DPSOH� OHDG� WR� FURZGHG� WUDLQV�� ,Q� DGGLWLRQ�� SHRSOH� PD\H[SHULHQFH� YDULRXV� W\SHV� RI� VWUHVV� GXH� WR� XQFHUWDLQW\� �VHH� ([HO�� ����� IRU� D� UHYLHZ��� )RUH[DPSOH�� -DQLV DQG�0DQQ¶V� ³FRQIOLFW�PRGHO� RI� GHFLVLRQ�PDNLQJ´� GHVFULEHV� GHFLVLRQ�PDNHUV³EHVHW� E\� FRQIOLFW�� GRXEWV�� DQG�ZRUU\�� VWUXJJOLQJ�ZLWK� FRQJUXRXV� ORQJLQJV�� DQWLSDWKLHV�� DQGOR\DOWLHV��DQG�VHHNLQJ�UHOLHI�E\�SURFUDVWLQDWLQJ��UDWLRQDOLVLQJ��RU�GHQ\LQJ�UHVSRQVLELOLW\�IRU�KLVRZQ�FKRLFHV´��-DQLV�DQG�0DQQ���������7KHVH�GHFLVLRQ�PDNHUV�H[SHULHQFH�FRJQLWLYH�DQG�VRFLDOVWUHVV�LQ�GHFLVLRQV�WKDW�HYRNH�DW�OHDVW�VRPH�GHJUHH�RI�FRQFHUQ�RU�DQ[LHW\�LQ�WKH�GHFLVLRQ�PDNHUDERXW� WKH� SRVVLELOLW\� KH� PD\� QRW� DWWDLQ� WKH� REMHFWLYH� KH� LV� VHHNLQJ�� 6WUHVV� DULVHV� IURP³GHFLVLRQDO�FRQIOLFWV´�� L�H���³DQ�XQSOHDVDQW� IHHOLQJ�RI�GLVWUHVV´� IURP�³VLPXOWDQHRXV�RSSRVLQJWHQGHQFLHV� ZLWKLQ� WKH� LQGLYLGXDO� WR� DFFHSW� DQG� UHMHFW� D� JLYHQ� FRXUVH� RI� DFWLRQ�� 7KH� PRVWSURPLQHQW�V\PSWRPV�RI�VXFK�FRQIOLFWV�DUH�KHVLWDWLRQ��YDFLOODWLRQ��IHHOLQJV�RI�XQFHUWDLQW\��DQGVLJQV�RI�DFXWH� HPRWLRQDO� VWUHVV�ZKHQHYHU� WKH�GHFLVLRQ� FRPHV�ZLWKLQ� WKH� IRFXV�RI� DWWHQWLRQ´�7KH� LQWHQVLW\� RI� VWUHVV� ³DSSHDUV� WR� GHSHQG� XSRQ� WKH� SHUFHLYHG� PDJQLWXGH� RI� WKH� ORVVHV WKHGHFLVLRQ� PDNHU� DQWLFLSDWHV� IURP� ZKDWHYHU� FKRLFH� KH� PDNHV «´� $ORQJ� VLPLODU� OLQHV� %HOO������� DQG� /RRPHV� DQG� 6XJGHQ�� ������ GLVFXVV� WKH� FRQFHSW� RI� UHJUHW� DQG� SURSRVH� DFRPELQDWLRQ� RI� VWDQGDUG� H[SHFWHG� XWLOLW\� WKHRU\� DQG� WKH� DQWLFLSDWHG� SHUVRQDO� DQG� VRFLDOGLVDGYDQWDJHV�RI�UHJUHW�2QH�RI�WKH�DVSHFWV�RI�UHJUHW�LV�WKDW�WUDYHOOHUV�PD\�ZDQW�WR�PDNH�WKH�EHVW�FKRLFH��,Q�WKH�FDVH�RIXQUHOLDELOLW\� WKH\�PD\� EH� DIUDLG� WKDW� WKH\�ZLOO� ILQG� LQ� WKH� HQG� WKDW� WKH\� FKRVH� WKH� µZURQJ¶DOWHUQDWLYH��� $� UHODWHG� DVSHFW� LV� WKDW� LQ� WKH� VLWXDWLRQ� RI� XQUHOLDELOLW\� RU� XQFHUWDLQW\� RQWLPHWDEOHV��SXEOLF�WUDQVSRUW�WUDYHOOHUV�PD\�ILQG�LW�EXUGHQVRPH�WR�PDNH�RQ�URXWH�GHFLVLRQV��)RUH[DPSOH�� LQ� WKH� FDVH� RI� GHOD\V� WKH\�PD\� FRQVLGHU� UXQQLQJ� IURP�EXV� VWRS� WR� UDLOZD\� VWDWLRQ�UHGXFH�ZDONLQJ�WLPH�W���LQ�RUGHU�WR�FDWFK�WKH�WUDLQ��/DFN�RI�LQIRUPDWLRQ�RQ�WKH�H[DFW�GHSDUWXUHWLPH� RI� WKH� WUDLQ� PD\� LQGXFH� SHRSOH� WR� KXUU\� ZKHUH� LQ� UHDOLW\� WKLV� LV� QRW� QHFHVVDU\�� 2UDOWHUQDWLYHO\��LI�WUDYHOOHUV�ZRXOG�KDYH�NQRZQ�WKDW�QRW�RQO\�WKH�EXV�ZDV�ODWH��EXW�DOVR�WKH�WUDLQ�WKH\�PLJKW�KDYH�KXUULHG� WR�FDWFK� LW��7KHVH�SKHQRPHQD�PD\� OHDG� WR� VWUHVV� WKDW�ZRXOG�QRW�EHSUHVHQW�LQ�WKH�FDVH�RI�FHUWDLQW\�RQ�WKH�RXWFRPHV�RI�UHOLDEOH�WUDYHO�DOWHUQDWLYHV�
,W� LV� LQWHUHVWLQJ� WR� FRPSDUH� WKLV� DWWLWXGH� ZLWK� UHVSHFW� WR� XQFHUWDLQWLHV� LQ� WUDYHO� WLPHV� ZLWKXQFHUWDLQW\� RQ�PRQHWDU\� RXWFRPHV�� 3HRSOH� WHQG� WR� EH� ULVN� DYHUVH�ZLWK� UHVSHFW� WR�PRQHWDU\DVSHFWV��OHDGLQJ�WR�LQVXUDQFH�DUUDQJHPHQWV�IRU�D�ZLGH�UDQJH�RI�SKHQRPHQD���2QH�PLJKW�DUJXHWKDW�ZKHQ�D�FHUWDLQ�FKRLFH�VLWXDWLRQ�ZLWK�PRQHWDU\�RXWFRPHV�LV�UHSHDWHG��SHRSOH�PD\�MXVW�DGGWKH�PDQ\�SRVLWLYH�DQG�QHJDWLYH�PRQHWDU\�RXWFRPHV�DQG�VLPSO\�GHFLGH�RQ�WKH�DJJUHJDWH�YDOXH�7KLV�DJJUHJDWH�ZRXOG�EH�FORVH�WR�WKH�H[SHFWHG�YDOXH�ZKHQ�WKH�VLWXDWLRQ�LV�UHSHDWHG�D�VXIILFLHQW



��

QXPEHU�RI�WLPHV��+RZHYHU��WKLV�GRHV�QRW�DSSHDU�WR�EH�WKH�ZD\�LQ�ZKLFK�SHRSOH�GHFLGH��,Q�WKHFDVH�RI�WLPH�XVH��VXFK�DQ�DGGLQJ�XS�SURFHGXUH�RI�DOO�WLPH�JDLQV�DQG�ORVVHV�SURYLGHV�DQ�HYHQOHVV�SODXVLEOH�UXOH�IRU�GHFLVLRQ�PDNLQJ��7KH�YDOXDWLRQV�RI�WLPH�JDLQV�DQG�WLPH�ORVVHV�DUH�YHU\FRQWH[W� VSHFLILF�� 7KH\� FDQQRW� EH� VWRUHG� OLNH�PRQH\� RQ� D� EDQN� DFFRXQW�� 7KHUHIRUH� LI� LQ� WKHPRQHWDU\�UHDOP�H[SHFWHG�XWLOLW\�RIWHQ�GRHV�QRW�DGHTXDWHO\�UHSUHVHQW�WUDYHOOHU�EHKDYLRXU��WKLVKROGV�HYHQ�PRUH�VR�LQ�WKH�UHDOP�RI�WHPSRUDO�GHFLVLRQV�
7KXV�ZH�DVVXPH�WKDW�WUDYHOOHUV�GR�QRW�RQO\�FRQVLGHU�WKH�PHDQ�WUDYHO�WLPH�EXW�DOVR�WKH�VWDQGDUGGHYLDWLRQ��VHH�IRU�H[DPSOH�0DUNRYLF��������
:� �(�8����F�1 �8�� ����
ZKHUH�F�LV�WKH�ZHLJKW�JLYHQ�WR�WKH�VWDQGDUG�GHYLDWLRQ�UHODWLYH�WR�WKH�DYHUDJH��7UDYHOOHUV�WKDWGLVOLNH�XQFHUWDLQW\�ZLOO�KDYH�D�QHJDWLYH�YDOXH�RI�F��7R�NHHS�WKH�DQDO\VLV�VLPSOH��ZH�DVVXPHWKDW�PDUJLQDO�YDOXHV�RI�WKH�YDULRXV�WUDYHO�WLPH�FRPSRQHQWV�DUH�FRQVWDQW��,Q�WKLV�FDVH�
:� ��M DM (��WM����E�S���F��¥>�«�^D��W� ��������D��W� `� ^J>W������� W�@`�GW����GW� ��M ^DM (��WM��`�@ ��M DM (��WM����E�S���F��¥�>D�� 1�� ��D�D� U�� 1�1�������D�� 1��@ ����
ZKHUH�U��� LV�WKH�FRUUHODWLRQ�EHWZHHQ�WUDYHO�WLPH�FRPSRQHQWV���DQG����DQG�1M LV�WKH�VWDQGDUGGHYLDWLRQ�RI�FRPSRQHQW�M��,Q�WKLV�FDVH��WKH�PDUJLQDO�YDOXH�RI�H[SHFWHG�WUDYHO�WLPH�LV�DJDLQ�MXVWHTXDO�WR�DM�E��DVVXPLQJ�WKDW�WKH�YDULDQFH�ZRXOG�UHPDLQ�HTXDO��+RZHYHU��LI�WKH�YDULDQFH�ZRXOGDOVR�LQFUHDVH�WKLV�QR�ORQJHU�DSSOLHV��)RU�H[DPSOH��LI�WKH�VWDQGDUG�GHYLDWLRQ�ZRXOG�EHSURSRUWLRQDO�WR�WKH�PHDQ��1M  �KM (�WM���DQ�LQFUHDVH�LQ�H[SHFWHG�WUDYHO�WLPH�RI�RQH�XQLW�ZRXOGOHDG�WR�D�GHFUHDVH�LQ�XWLOLW\�HTXDO�WR�>DM ��F��DM 1M KM@��DVVXPLQJ�WKDW�FRYDULDQFHV�UMN DUH�]HUR���7KH�FRUUHVSRQGLQJ�YDOXH�RI�WUDYHO�WLPH�ZRXOG�EH�>DM ��F��DM 1M KM@�E�7KXV��WKH�LVVXH�RI�YDOXDWLRQ�RI�XQFHUWDLQW\�GHSHQGV�FULWLFDOO\�RQ�WKH�H[WHQW�WR�ZKLFK�VWDQGDUGGHYLDWLRQ�DQG�PHDQ�DUH�LQWHUUHODWHG��)RU�H[DPSOH��ZLWK�WKH�QRUPDO�GLVWULEXWLRQ�WKH�WZR�DUH�QRWLQWHUUHODWHG��LPSO\LQJ�KM ���+RZHYHU��LQ�VNHZHG�GLVWULEXWLRQV�VXFK�DV�WKH�H[SRQHQWLDOGLVWULEXWLRQ�RU�WKH�JDPPD�GLVWULEXWLRQ��RQH�ILQGV�WKDW�PHDQ�DQG�VWDQGDUG�GHYLDWLRQ�DUHSURSRUWLRQDO�WR�HDFK�RWKHU��FI��5LHWYHOG�HW�DO���������ZKR�GHPRQVWUDWH�WKDW�WKH�JDPPDGLVWULEXWLRQ�LV�RQH�RI�WKH�FDQGLGDWHV�IRU�GLVWULEXWLRQV�RI�WUDYHO�WLPHV���7KH�SRLQW�LV�ZKHWKHU�DFKDQJH�LQ�DYHUDJH�WUDYHO�WLPH�RI�VD\����PLQXWHV�ZLWK�D�VWDQGDUG�GHYLDWLRQ�RI���PLQXWHVWRZDUGV�D�GLVWULEXWLRQ�RI����ZLOO�OHDYH�WKH�VWDQGDUG�GHYLDWLRQ�DW�WKH�OHYHO�RI����RU�ZKHWKHU�LWZLOO�LQFUHDVH�WR�D�OHYHO����,Q�UHDO�ZRUOG�VLWXDWLRQV�ERWK�H[WUHPHV�DQG�DOVR�LQWHUPHGLDWH�FDVHVPD\�RFFXU��2QH�PD\�HYHQ�KDYH�VLWXDWLRQV�ZKHUH�DQ�LQFUHDVH�LQ�DYHUDJH�WUDYHO�WLPH�LVLPSOHPHQWHG�WR�UHGXFH�WKH�VWDQGDUG�GHYLDWLRQ��$Q�H[DPSOH�ZRXOG�EH�WKH�SROLF\�WR�KDYH�ORQJHUZDLWLQJ�WLPHV�RI�WUDLQV�DW�SODWIRUPV�LQ�RUGHU�WR�KDYH�KLJKHU�SUREDELOLWLHV�WKDW�WUDYHOOHUV�ZLOO�EHVXFFHVVIXOO\�LQWHUFRQQHFWHG�
&RQVLGHU�WKH�FDVH�WKDW�DOO�WUDYHO�WLPH�FRPSRQHQWV�JHW�WKH�VDPH�ZHLJKW��6XSSRVH�WKDW�WKH�YDOXHRI�WUDYHO�WLPH�LV�HVWLPDWHG�IURP�UHYHDOHG�SUHIHUHQFH�GDWD�ZKHUH�XQFHUWDLQW\�SOD\V�D�UROH��EXWRQO\�DYHUDJH�WUDYHO�WLPHV�DUH�JLYHQ��7KHQ�WKH�YDOXH�RI�WLPH�HVWLPDWH�LV�XVXDOO\�LQWHUSUHWHG�DVD�E��+RZHYHU��ZKDW�LV�PHDVXUHG�LV�QRW�D�E��EXW�>D���F��D�1 K@�E���$Q�LPSRUWDQW�REVHUYDWLRQ�LVWKDW�ZKHQ�SURSRUWLRQDOLW\�EHWZHHQ�PHDQ�DQG�VWDQGDUG�GHYLDWLRQ�ZRXOG�FRQWLQXH�WR�H[LVW��WKHUHLV�QR�QHHG�WR�ZRUU\�DERXW�WKH�QHJOHFW�RI�XQFHUWDLQW\��LW�LV�LPSOLFLWO\�LQFRUSRUDWHG�LQ�WKHHVWLPDWH�RI�WKH�YDOXH�RI�WUDYHO�WLPH��+RZHYHU��WKHUH�DUH�DW�OHDVW�WZR�UHDVRQV�WR�EH�QHYHUWKHOHVVFRQFHUQHG�DERXW�WKLV�LPSOLFLW�ZD\�RI�WUHDWLQJ�UHOLDELOLW\�



��

7KH�ILUVW�RQH�LV�WKDW�WKH�HVWLPDWHG�YDOXH�RI�WLPH�ZRXOG�EH�PLVOHDGLQJ�ZKHQ�LW�FRPHV�WR�WKHHYDOXDWLRQ�RI�UHOLDELOLW\�HQKDQFLQJ�PHDVXUHV��7KXV��ZKHQ�WLPH�WDEOHV�RI�SXEOLF�WUDQVSRUWZRXOG�EH�FKDQJHG�WR�KDYH�PRUH�VODFN�DW�VWRSV��WKLV�ZRXOG�OHDG�WR�DQ�LQFUHDVH�LQ�WRWDO�WUDYHOWLPH��ZKHUHDV�UHOLDELOLW\�ZRXOG�EH�HQKDQFHG��+RZHYHU��D�FRVW�EHQHILW�DQDO\VLV�EDVHG�RQ�WKHYDOXH�RI�WLPH�DV�LQGLFDWHG�DERYH�ZRXOG�QRW�EH�DEOH�WR�FDSWXUH�WKH�UHOLDELOLW\�HQKDQFLQJ�HIIHFWRI�WKH�DGMXVWHG�WLPHWDEOH�
7KH�VHFRQG�SUREOHP�ZLWK�WKH�LPSOLFLW�WUHDWPHQW�RI�XQUHOLDELOLW\�LV�WKDW�LW�PD\�OHDG�WR�GLVWRUWHGHVWLPDWHV�RI�YDOXH�RI�WLPH�RXWVLGH�YHKLFOHV��7KH�SRLQW�LV�WKDW�LQ�PXOWLPRGDO�WULSV�WKH�YDULDQFHLV�XVXDOO\�KLJKHVW�LQ�WKH�ZDLWLQJ�WLPHV�LQ�LQWHUVHFWLRQ�SRLQWV��)RU�H[DPSOH��DQ�LQFUHDVH�RI�ILYHPLQXWHV��LQ�YHKLFOH��LQ�SDUW���RI�D�WULS�LPSOLHV�WKDW�WKH�ZDLWLQJ�WLPH�DW�WKH�UDLOZD\�VWDWLRQ�PD\LQFUHDVH�IURP���WR����PLQXWHV�VLQFH�WKH�WUDYHOOHU�KDV�WR�ZDLW�IRU�WKH�QH[W�WUDLQ�DVVXPLQJ�DVHUYLFH�IUHTXHQF\�RI�WZR�WUDLQV�SHU�KRXU��7KXV��WKH�UDWLR�RI�VWDQGDUG�GHYLDWLRQ�DQG�PHDQ�PD\EH�H[SHFWHG�WR�EH�PXFK�KLJKHU�IRU�LQ�YHKLFOH�WLPH�WKDQ�IRU�ZDLWLQJ�WLPH�DW�SODWIRUPV��7KH�KLJKYDOXH�RI�WLPH�XVXDOO\�IRXQG�IRU�RXW�RI�YHKLFOH�WLPH�DW�SXEOLF�WUDQVSRUW�QRGHV�PD\�ZHOO�EH�WKHFRQVHTXHQFH�RI�DQ�LPSOLFLW�WUHDWPHQW�RI�XQFHUWDLQW\��:DUGPDQ���������7KLV�LPSOLFLW�WUHDWPHQWRI�UHOLDELOLW\�PDNHV�WKH�YDOXHV�RI�WLPH�IRXQG�SDUWLFXODUO\�XQVXLWDEOH�WR�HYDOXDWH�PHDVXUHVDLPLQJ�DW�LPSURYLQJ�WKH�UHOLDELOLW\�RI�FKDLQV��,W�DOVR�PHDQV�WKDW�WKH�WUDQVIHUDELOLW\�RI�YDOXH�RIWUDYHO�WLPH�IURP�RQH�FRQWH[W�RU�FRXQWU\�WR�DQRWKHU�LV�QR�ORQJHU�YDOLG�ZKHQ�OHYHOV�RIXQUHOLDELOLW\�DUH�GLIIHUHQW�
���8QFHUWDLQW\�DQG�VFKHGXOLQJ�FRVWV�6FKHGXOLQJ�FRVWV�DUH�UHOHYDQW�ZKHQ�WUDYHOOHUV�KDYH�D�WDUJHWHG�WLPH�RI�DUULYDO�DQG�LQFXU�ORVVHVZKHQ�WKH\�DUULYH�ODWH��IRU�H[DPSOH�DW�WKH�ZRUN�SODFH�RU�DW�D�PHHWLQJ���7KH�WDEOH�VKRZV�WKDWVFKHGXOLQJ�SOD\V�D�GHILQLWH�UROH�LQ�VHYHUDO�WULS�SXUSRVHV��7KH�VKDUH�RI�WULSV�ZKHUH�VFKHGXOLQJWDNHV�SODFH�LV�HVWLPDWHG�WR�EH�EHWZHHQ����DQG�����LQ�WKH�1HWKHUODQGV��7DEOH�����$URXQG�KDOIRI�WKHVH�WULSV�UHODWH�WR�SXUSRVHV�ZKHUH�VFKHGXOLQJ�FRVWV�DUH�SUREDEO\�KLJK��ZRUN��EXVLQHVV�HGXFDWLRQ���7KH�ILJXUHV�LQ�WKLV�WDEOH�DUH�WHQWDWLYH��RQH�RI�WKH�UHDVRQV�EHLQJ�WKDW�WKH�LVVXH�RIVFKHGXOLQJ�LV�WUHDWHG�LQ�D�UDWKHU�FUXGH�ZD\�VLQFH�GLIIHUHQFHV�LQ�WKH�IOH[LELOLW\�RI�VFKHGXOHV�DUHQRW�FRQVLGHUHG��0DQ\�DFWLYLWLHV�GR�QRW�KDYH�D�VWULFW�WDUJHW�WLPH�IRU�VWDUWLQJ��EXW�UDWKHU�EURDGLQWHUYDOV��WKH�HQG�SRLQWV�RI�ZKLFK�PD\�VWDUW�WR�EHFRPH�LPSRUWDQW�ZKHQ�DFWXDO�DUULYDO�WLPHVWHQG�WR�JHW�FORVH�WR�WKHP�
$Q�LQWHUHVWLQJ�FRQWULEXWLRQ�WR�WKH�OLWHUDWXUH�RQ�WKH�YDOXDWLRQ�RI�UHOLDELOLW\�LQ�WKH�FRQWH[W�RIVFKHGXOLQJ�FRVWV�FDQ�EH�IRXQG�LQ�%DWHV�HW�DO����������$VVXPH�WKDW�D�WULS�LV�PDGH�ZKHUH�W
�LV�DGHVLUHG�DUULYDO�WLPH��IRU�H[DPSOH�WKH�RIILFLDO�WLPH�DW�ZKLFK�D�EXVLQHVV�PHHWLQJ�VWDUWV���%DVHGRQ�WKH�ZRUN�RI�6PDOO��������������WKH�XWLOLW\�RI�D�WULS�LV�IRUPXODWHG�DV�
8� �D��W� ��������D��W� �E�6'(�F�6'/��G�'/��E�S� ����
:KHUH�W�LV�WRWDO�WUDYHO�WLPH��6'(�LV�HDUO\�VFKHGXOH�GHOD\��WKH�QXPEHU�RI�PLQXWHV�DUULYHGEHIRUH�W
���6'/�LV�ODWH�VFKHGXOH�GHOD\��WKH�QXPEHU�RI�PLQXWHV�DUULYHG�DIWHU�W
���DQG�'/ LV�DGXPP\�WKDW�DVVXPHV�WKH�YDOXH���ZKHQ�6'/!��
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7ULSSXUSRVH 6KDUH�LQ�WRWDOQXPEHU�RIWULSV����DSSUR[��
2FFXUUHQFH�RIVFKHGXOLQJ�FRVWV� 6KDUH�RIVFKHGXOHG�WULSVZLWK�WKLV�SXUSRVH����HVWLPDWH�

&RQWULEXWLRQ�WR�WRWDOQXPEHU�RI�VFKHGXOHGWULSV�����EDVHG�RQ�FROXPQV��DQG��:RUN �� 8VXDOO\��EXW�OHVV�VRZLWK�IOH[LEOH�ZRUNLQJKRXUV
�� �

%XVLQHVV � <HV��DQG�KLJK�OHYHOVRI�FRVWV ��� �
6KRSSLQJ �� 2QO\�ZKHQ�QHDU�WRWLPH�RI�VKRS�FORVXUH �� �
)DPLO\YLVLW � 8VXDOO\�QRW �� �
(GXFDWLRQ � <HV �� �
5HFUHDWLRQ �� 'HSHQGV��VSRUWDFWLYLWLHV�DUH�XVXDOO\VFKHGXOHG

�� �
2WKHU � 'HSHQGV��EULQJLQJDQG�SLFNLQJ�XSFKLOGUHQ�LV�RIWHQVFKHGXOHG

�� �
5HWXUQKRPH �� 8VXDOO\�QRW��GHSHQGVRQ�DQWLFLSDWHG�LQ�KRXVH�DFWLYLW\�DIWHUDUULYLQJ�DW�KRPH�

�� �
7RWDO ��� ��1RWH��VKDUHV�RI�WULS�SXUSRVHV�DUH�EDVHG�RQ�'XWFK�SHUVRQDO�WUDYHO�VXUYH\��������
7DEOH����'LVWULEXWLRQ�RI�WULSV�DFFRUGLQJ�WR�VFKHGXOLQJ�SDWWHUQ
:KHQ�XQUHOLDELOLW\�RFFXUV�H[SHFWHG�XWLOLW\�HTXDOV�
(�8�� ��M DM (��WM���E��(�6'(��F�(�6'/���G�S/���E�S ����
:KHUH�S/ LV�WKH�SUREDELOLW\�RI�DUULYLQJ�ODWH��7KH�SUREOHP�ZLWK�WKLV�IRUPXODWLRQ�LV�WKDW�(�6'(�DQG�(�6'/��KDYH�FRPSOH[�IRUPV��1RODQG�DQG�6PDOO��������VKRZ�WKDW�WKLV�IRUPXODWLRQ�FDQ�EHVLPSOLILHG�DQG�DSSUR[LPDWHG�XQGHU�D�QXPEHU�RI�DVVXPSWLRQV��RQH�RI�WKHP�EHLQJ�WKDW�SHRSOHFKRRVH�DQ�RSWLPDO�GHSDUWXUH�WLPH���7KH�UHVXOWLQJ�H[SUHVVLRQ�LV�
(�8�� �M DM (��WM����FRQVW��1 �W����G�S/��E�S ����
,W�VKRXOG�EH�QRWHG�WKDW�WKH�VWDQGDUG�GHYLDWLRQ�UHDGV�LQ�WHUPV�RI�WKH�WRWDO�XQZHLJKWHG�WUDYHOWLPH��W��«W����ZKHUHDV�WKH�WHUP�ZLWK�WKH�H[SHFWHG�YDOXHV�RI�WUDYHO�WLPH�WDNHV�LQWR�DFFRXQW�WKHZHLJKWV���M DM (��WM���7KH�EDFNJURXQG�LV�WKDW�WKH�VWDQGDUG�GHYLDWLRQ�LV�FRQQHFWHG�WR�WKH�LVVXH�RI
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EHLQJ�ODWH�RU�HDUO\��ZKLFK�LV�QRW�GLUHFWO\�UHODWHG�WR�WKH�GLVXWLOLW\�RI�WKH�YDULRXV�GLVWLQFW�WUDYHOPRGHV��ZKHUHDV�LQ�WKH�RWKHU�WHUP�WKH�GLIIHUHQFHV�EHWZHHQ�WKH�WUDQVSRUW�PRGHV�DUH�UHOHYDQW�
7KH�LPSRUWDQFH�RI�WKLV�UHVXOW�LV�WKDW�DOWKRXJK�WKH�IRUPXODWLRQ�LV�EDVHG�RQ�H[SHFWHG�XWLOLW\ZLWKRXW�DQ\�UHIHUHQFH�WR�ULVN�DYHUVLRQ��WKH�ILQDO�UHVXOW�QHYHUWKHOHVV�FRQWDLQV�D�SHQDOW\�IRUYDULDWLRQ�VLQFH�WKH�VWDQGDUG�GHYLDWLRQ�LV�SDUW�RI�WKH�IRUPXOD��7KH�EDFNJURXQG�RI�WKLV�UHVXOW�LVWKDW�WKH�VFKHGXOLQJ�FRVWV�LPSO\�D�VWURQJ�QRQ�OLQHDULW\�LQ�WKH�YDOXDWLRQ�RI�WUDYHO�WLPH��7KXV�ZHDUULYH�DW�WKH�FRQFOXVLRQ�WKDW�ULVN�DYHUVLRQ��EHLQJ�WKH�PDLQ�HOHPHQW�LQ�FDVH���LV�QRW�WKH�RQO\ZD\�WR�DUULYH�DW�D�SHQDOW\�RQ�WKH�VWDQGDUG�GHYLDWLRQ�RI�WRWDO�WUDYHO�WLPH��(YHQ�ZLWKRXW�ULVNDYHUVLRQ��WKH�VFKHGXOLQJ�FRVWV�OHDG�WR�D�ILQDO�UHVXOW�ZKHUH�XQFHUWDLQW\�HQWHUV�WKH�H[SHFWHGXWLOLW\�IRUPXOD�
)RU�WKH�HVWLPDWLRQ�RI�WKH�YDOXH�RI�WLPH�WKLV�DSSURDFK�ZLWK�VFKHGXOLQJ�FRVWV�OHDGV�WRFRQFOXVLRQV�WKDW�DUH�VLPLODU�WR�WKRVH�LQ�FDVH����,JQRULQJ�WKH�VWDQGDUG�GHYLDWLRQ�DQG�WKHSUREDELOLW\�RI�D�ODWH�DUULYDO�OHDGV�WR�KLJK�HVWLPDWHV�IRU�WKH�YDOXH�RI�WLPH�LQ�WKH�FDVH�RIVFKHGXOHG�DFWLYLWLHV��7KLV�PXVW�EH�RQH�RI�WKH�PDLQ�UHDVRQV�ZK\�D�JHQHUDO�UHVXOW�IURP�WKHOLWHUDWXUH�LV�WKDW�YDOXH�RI�WLPH�IRU�FRPPXWLQJ�DQG�EXVLQHVV�WULSV��LV�VR�KLJK��FI��*XQQ��������0DNLQJ�VFKHGXOLQJ�FRVWV�DQG�UHOLDELOLW\�SUREOHPV�H[SOLFLW�PD\�EH�H[SHFWHG�WR�OHDG�WR�PRUHHTXDO�YDOXHV�RI�WUDYHO�WLPH�DFURVV�WULS�SXUSRVHV�
���(IIHFWV�RI�WUDYHOOHU�LQIRUPDWLRQ�
%HIRUH�PDNLQJ�D�WULS��SHRSOH�KDYH�VXEMHFWLYH�LGHDV�RQ�WKH�GLVWULEXWLRQ�RI�WUDYHO�WLPHV�RI�WUDYHODOWHUQDWLYHV��)LJXUH���JLYHV�D�W\SLFDO�SLFWXUH�RI�WKH�GHQVLW\�RI�WKH�SRVVLEOH�WUDYHO�WLPHRXWFRPHV�DV�SHUFHLYHG�E\�XQLQIRUPHG�WUDYHOOHUV��$�ILUVW�VRXUFH�RI�LQIRUPDWLRQ�ZRXOG�EHWLPHWDEOHV�JLYLQJ�WKH�RIILFLDO�DUULYDO�WLPH�RI�D�WULS��$V�DOUHDG\�LQGLFDWHG�LQ�VHFWLRQ����WUDYHOOHUVKDYH�WR�PDNH�HIIRUWV�WR�JHW�WKLV�LQIRUPDWLRQ��7KH\�PD\�EX\�WKH�QDWLRQDO�UDLOZD\¶V�WLPHWDEOHDQG�VSHQG�WLPH�LQ�ILQGLQJ�WKHLU�EHVW�WUDYHO�DOWHUQDWLYH��RU�WKH\�PD\�XVH�WUDYHO�LQIRUPDWLRQVHUYLFH�SURYLGHUV�RQ�WKH�LQWHUQHW��7KH\�VSHQG�VFDUFH�UHVRXUFHV�WR�LPSURYH�WKHLU�NQRZOHGJH�RQWUDYHO�DOWHUQDWLYHV��ZKLFK�LV�DQ�LQGLFDWLRQ�RI�WKHLU�ZLOOLQJQHVV�WR�SD\�IRU�WKHLU�VHUYLFHV��HYHQZKHQ�WKH\�ZRXOG�QRW�DFWXDOO\�SD\�LQIRUPDWLRQ�SURYLGHUV��

)LJXUH����'LVWULEXWLRQ�RI�WUDYHO�WLPHV��DFWXDO�YHUVXV�SHUFHLYHG�E\�H[SHULHQFHG�DQG�QRQ�H[SHULHQFHG�WUDYHOOHUV��
$�VLPSOH�H[DPSOH�PD\�VHUYH�WR�VWXG\�WKH�LPSDFW�RI�WKLV�W\SH�RI�XQFHUWDLQW\�RQ�PRGH�FKRLFHDQG�WKH�LPSOLFLW�YDOXHV�RI�WUDYHO�WLPH�LQYROYHG��&RQVLGHU�D�WUDYHOOHU�ZKR�KDV�WZR�DOWHUQDWLYHV�FDU�DQG�WUDLQ��DQG�ZKR�LV�XQFHUWDLQ�DERXW�WUDYHO�WLPH�DQG�FRVWV�RI�ERWK�DOWHUQDWLYHV��$VVXPHWKDW�x XQFHUWDLQW\�LV�VXFK�WKDW�WKH�WUDYHOOHU¶V�NQRZOHGJH�LV�QRW�XQELDVHG��XQGHUHVWLPDWHV�DQGRYHUHVWLPDWHV�DUH�HTXDOO\�SUREDEOH���DQGx WUDYHOOHUV�EDVH�WKHLU�GHFLVLRQ�RQ�H[SHFWHG�YDOXHV��WKH\�GR�QRW�ERWKHU�DERXW�YDULDQFHV�7KHQ�SURYLVLRQ�RI�LQIRUPDWLRQ�RQ�DFWXDO�FRVWV�DQG�WUDYHO�WLPHV�ZLOO�RI�FRXUVH�OHDG�WR�FKDQJHVLQ�SUHIHUUHG�DOWHUQDWLYHV��EXW�RQH�PD\�H[SHFW�WKDW�LW�ZLOO�QRW�KDYH�D�V\VWHPDWLF�HIIHFW�RQ�PRGDO
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FKRLFH��7KH�UHDVRQ�LV�WKDW�WKH�SUREDELOLWLHV�WKDW�LQIRUPDWLRQ�DFTXLVLWLRQ�OHDGV�WR�D�FKDQJH�LQWKH�FKRLFH�RI�WUDYHO�DOWHUQDWLYH�DUH�EDODQFHG�
+RZHYHU��RQH�DVSHFW�LV�PLVVLQJ�LQ�WKLV�UHDVRQLQJ��7UDLQV�GHSDUW�DW�FHUWDLQ�LQWHUYDOV��3URYLVLRQRI�LQIRUPDWLRQ�RQ�GHSDUWXUH�WLPHV�ZLOO�E\�GHILQLWLRQ�UHGXFH�ZDLWLQJ�WLPH�DW�WKH�VWDWLRQ��7KLVHOHPHQW�LV�DEVHQW�IRU�WKH�FDU�DOWHUQDWLYH��7KXV��WUDQVSRUW�PRGHV�ZLWK�VFKHGXOHG�VHUYLFHV�ZLOOV\VWHPDWLFDOO\�EHQHILW�IURP�LQIRUPDWLRQ�SURYLVLRQ��7KH�ORZHU�WKH�IUHTXHQF\��WKH�KLJKHU�WKHEHQHILW�RI�LQIRUPDWLRQ�SURYLVLRQ��(DVLHU�DFFHVV�WR�LQIRUPDWLRQ�VRXUFHV�ZLOO�VWLPXODWH�GHPDQGRI�SXEOLF�WUDQVSRUW�VHUYLFHV��HVSHFLDOO\�ZKHQ�IUHTXHQFLHV�DUH�ORZ�
:KDW�GRHV�WKLV�LPSO\�IRU�WKH�HVWLPDWLRQ�RI�WKH�YDOXH�RI�WUDYHO�WLPH�LQ�SXEOLF�WUDQVSRUW"�$FWXDOWUDYHO�EHKDYLRXU�LV�EDVHG�RQ�SHUFHSWLRQV�RI�WUDYHO�WLPHV��UDWKHU�WKDQ�RQ�DFWXDO�WUDYHO�WLPHV�+RZHYHU��UHVHDUFKHUV�XVXDOO\�GR�QRW�NQRZ�WKH�SHUFHSWLRQV�RI�WUDYHOOHUV�DQG�KHQFH�WHQG�WRDVVXPH�WKDW�SHUFHSWLRQV�DUH�HTXDO�WR�UHDOLVDWLRQV��7KLV�PD\�QRW�EH�D�SUREOHP�DV�ORQJ�DVV\VWHPDWLF�HUURUV�FDQ�EH�DYRLGHG��FI��6PDOO���������%XW�ZLWK�SXEOLF�WUDQVSRUW�VXFK�DV\VWHPDWLF�JDS�EHWZHHQ�DFWXDO�WUDYHO�WLPH�RI�XQLQIRUPHG�WUDYHOOHUV�DQG�WUDYHO�WLPH�DFFRUGLQJWR�VFKHGXOHV�DSSHDUV�WR�H[LVW��7KLV�ZLOO�PRVW�SUREDEO\�OHDG�WR�DQ�RYHUHVWLPDWH�RI�YDOXH�RI�WLPHLQ�SXEOLF�WUDQVSRUW�����%HWWHU�DFFHVV�WR�SUH�WULS�LQIRUPDWLRQ�ZLOO�KHOS�WR�SDUWLDOO\�RYHUFRPH�WKLVSUREOHP��ZKLFK�DOVR�LPSOLHV�WKDW�ELDVHV�LQ�HVWLPDWHV�RI�YDOXHV�RI�WLPH�ZLOO�EH�UHGXFHG�
$QRWKHU�DVSHFW�RI�SUH�WULS�LQIRUPDWLRQ�LQGLFDWHG�LQ�7DEOH���LV�WKDW�GXH�WR�XQUHOLDELOLW\�LQVHUYLFHV�RIILFLDO�WLPHWDEOH�LQIRUPDWLRQ�LV�QRW�DOZD\V�FRUUHFW��+HQFH�WKH�WUDYHOOHU�ZRXOG�QHHGLQIRUPDWLRQ�DERXW�SUREDELOLW\�GLVWULEXWLRQV�RI�UHDOLVHG�WUDYHO�WLPHV��,Q�WKH�DERYH�VHFWLRQ�ZHDVVXPHG�WKDW�WUDYHOOHUV�DUH�ZHOO�LQIRUPHG�DERXW�WKH�GHQVLW\�RI�WUDYHO�WLPH�RXWFRPHV�J>W��«�W�@�7KLV�PD\�EH�D�UHDOLVWLF�DVVXPSWLRQ�IRU�H[SHULHQFHG�WUDYHOOHUV�ZKR�IUHTXHQWO\�WUDYHO�EHWZHHQ�DFHUWDLQ�RULJLQ�GHVWLQDWLRQ�SDLU��+RZHYHU��WUDYHOOHU�LQIRUPDWLRQ�V\VWHPV�GR�QRW�JLYH�WKHVHSUREDELOLWLHV��7KH�QHZHU�JHQHUDWLRQV�RI�WUDYHOOHU�LQIRUPDWLRQ�V\VWHPV�LQ�SXEOLF�WUDQVSRUW�PD\UHSRUW�RQ�ODUJH�GLVWXUEDQFHV�DQG�SODQQHG�GHOD\V�RZLQJ�WR�PDLQWHQDQFH�DFWLYLWLHV��EXW�WKH\�GRQRW�LQIRUP�WKH�WUDYHOOHU�RQ�WKH�GD\�WR�GD\�UHOLDELOLW\�RI�DFWXDO�VHUYLFHV��VHH�)LJXUH����+RZHYHU��IRU�WKH�WUDYHOOHU�LW�ZRXOG�EH�KHOSIXO�ZKHQ�KH�ZRXOG�KDYH�LQIRUPDWLRQ�DERXW�WKHSUREDELOLW\�WKDW�D�WULS�ZLWK�DQ�RIILFLDO�WUDYHO�WLPH�RI����PLQXWHV�PD\�LQ�UHDOLW\�EH����PLQXWHVRU�PRUH�GXH�WR�WKH�SUREDELOLW\�RI�PLVVLQJ�D�FRQQHFWLRQ�DW�DQ�LQWHUFKDQJH�SRLQW��)URP�DWHFKQLFDO�YLHZSRLQW�LW�LV�QRW�VR�GLIILFXOW�WR�XVH�VLPXODWLRQ�PRGHOV�EDVHG�RQ�WLPH�WDEOHV�LQFRPELQDWLRQ�ZLWK�VWRFKDVWLF�PRGHOV�RQ�GLVWXUEDQFHV�RQ�VSHFLILF�OLQNV�WR�DUULYH�DW�GHQVLWLHV�RIDUULYDO�WLPHV��VHH�5LHWYHOG�HW�DO����������7KHUH�PXVW�EH�D�PDUNHW�IRU�WKLV�W\SH�RI�LQIRUPDWLRQIURP�WKH�VLGH�RI�WKH�WUDYHOOHU��IRU�H[DPSOH��DV�D�VSHFLDO�RSWLRQ�LQ�HOHFWURQLF�URXWH�SODQQHUV��7KHXQFHUWDLQWLHV�LQYROYHG�FDQ�EH�DQDO\VHG�DW�YDULRXV�GHJUHHV�RI�UHILQHPHQW��$�GHIDXOW�RSWLRQZRXOG�EH�WR�XVH�LQIRUPDWLRQ�IRU�����GD\V�SHU�\HDU�DYHUDJHV�RQ�XQUHOLDELOLW\��5HILQHG�RSWLRQVZRXOG�EH�WR�WDNH�LQWR�DFFRXQW�WKH�SDUW�RI�WKH�\HDU�WR�UHIOHFW�VHDVRQDO�GLIIHUHQFHV�DQG�SDUW�RIWKH�GD\�
2QH�RI�WKH�UHDVRQV�ZK\�LQIRUPDWLRQ�RI�WKLV�W\SH�LV�QRW�SURYLGHG�LV�WKDW�VRPH�SXEOLF�WUDQVSRUWFRPSDQLHV�VLPSO\�GR�QRW�KDYH�VXIILFLHQW�GDWD�WR�VXSSRUW�LW��7KH�VLWXDWLRQ�LQ�UDLO�EDVHG�SXEOLFWUDQVSRUW�WHQGV�WR�EH�EHWWHU�WKDQ�LQ�URDG�EDVHG�WUDQVSRUW��$QRWKHU�UHDVRQ�LV�WKDW�VXSSOLHUV�RILQIRUPDWLRQ�RIWHQ�FRLQFLGH�ZLWK��RU�GHSHQG�VWURQJO\�RQ��VXSSOLHUV�RI�WKH�SXEOLF�WUDQVSRUWVHUYLFHV��DQG�WKHVH�WHQG�WR�KROG�WKH�YLHZ�WKDW�LW�LV�QRW�JRRG�IRU�WKHLU�UHSXWDWLRQ�WR�HPSKDVLVHWKH�GD\�WR�GD\�XQUHOLDELOLW\�RI�WKHLU�VHUYLFHV��7KH�SRLQW�RYHUORRNHG�KHUH�LV�WKDW�SDVVHQJHUV�ZLOONQRZ�DQ\KRZ�WKDW�VHUYLFHV�DUH�XQUHOLDEOH��3URYLGLQJ�WKHP�ZLWK�LQIRUPDWLRQ�DW�D�WULS�VSHFLILFOHYHO��LQ�VWHDG�RI�DW�D�QHWZRUN�OHYHO��VHH�)LJ�����ZLOO�HQDEOH�WKHP�WR�EHWWHU�DVVHVV�WKH�ULVNV�RIODWH�DUULYDO�DQG�ZLOO�DOVR�SUHYHQW�WKHP�IURP�RYHUHVWLPDWLQJ�WKH�GHOD\V�LQYROYHG�
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:KDW�DUH�WKH�FRQVHTXHQFHV�RI�WKH�SURYLVLRQ�RI�LQIRUPDWLRQ�IRU�WKH�JHQHUDOLVHG�WUDYHO�FRVWV�DQGWUDYHO�EHKDYLRXU"�:H�GLVWLQJXLVK�WKUHH�SRVVLEOH�XVHV�RI�LQIRUPDWLRQ�)LUVW��EHWWHU�LQIRUPDWLRQ�HQDEOHV�WUDYHOOHUV�WR�DGMXVW�WKHLU�FKRLFHV�VR�WKDW�JHQHUDOLVHG�FRVWV�DUHORZHU�FRPSDUHG�ZLWK�WKH�VLWXDWLRQ�ZLWKRXW�WKLV�LQIRUPDWLRQ����1RWH�WKDW�WKH�LQIRUPDWLRQSURYLGHG�GRHV�QRW�QHFHVVDULO\�PHDQ�WKDW�H[�DQWH�JHQHUDOLVHG�FRVWV�EHFRPH�ORZHU��IRUWUDYHOOHUV�WKDW�XQGHUHVWLPDWH�FRVWV�LW�PD\�DOVR�OHDG�WR�KLJKHU�JHQHUDOLVHG�FRVWV��%XW�WKH�FRVWVDFWXDOO\�H[SHULHQFHG�ZKHQ�D�WULS�LV�PDGH�ZLOO�WHQG�EH�FORVHU�WR�WKH�FRVWV�RQ�ZKLFK�WKH�FKRLFHRI�WKH�DOWHUQDWLYH�ZDV�PDGH�
6HFRQG��HYHQ�ZKHQ�LQIRUPDWLRQ�SURYLVLRQ�GRHV�QRW�OHDG�WR�WKH�FKRLFH�RI�DQRWKHU�DOWHUQDWLYH��LWPD\�EH�XVHIXO�WR�NQRZ�DQ�DGMXVWHG�WUDYHO�WLPH�IRUHFDVW�VR�WKDW�SHRSOH�RQH�ZDQWV�WR�PHHW�FDQEH�ZDUQHG�E\�PDNLQJ�XVH�RI�PRELOH�WHOHSKRQH��7KLV�LV�HVSHFLDOO\�UHOHYDQW�LQ�WKH�FDVH�RIVFKHGXOLQJ�FRVWV��FDVH���LQ�VHFWLRQ�����3HRSOH�WR�EH�YLVLWHG�FDQ�EH�WROG�WKDW�WKH�PHHWLQJ�VWDUWVODWHU��RU�WKH\�FDQ�DW�OHDVW�EH�WROG�QRW�WR�EH�ZRUULHG�EHFDXVH�RI�WKH�ODWH�DUULYDO��7KLV�OHDGV�WR�WKHFRQFOXVLRQ�WKDW�DYDLODELOLW\�RI�RQ�URXWH�WUDYHOOHU�LQIRUPDWLRQ�DQG�PRELOH�FRPPXQLFDWLRQWHFKQRORJ\�KDV�DQ�HIIHFW�RQ�WKH�GLVXWLOLW\�RI�WUDYHOOLQJ��7KHVH�WHFKQRORJLHV�WHQG�WR�OHDG�WRORZHU�FRVWV�RI�DUULYLQJ�ODWH�
7KLUG��HYHQ�ZKHQ�WKH�DERYH�WZR�IDFWRUV�GR�QRW�SOD\�D�UROH��IRU�H[DPSOH��ZKHQ�SHRSOH�PDNH�DYLVLW�WR�D�SODFH�ZKHUH�DUULYDO�WLPH�LV�QRW�VSHFLILHG���WUDYHOOHUV�PD\�DSSUHFLDWH�LQIRUPDWLRQ�RQWKH�SURMHFWHG�WUDYHO�WLPH��:KHQ�D�WUDLQ�LV�ODWH��PRVW�WUDYHOOHUV�SUHIHU�WR�KDYH�LQIRUPDWLRQ�VXFKDV�µWKH�WUDLQ�ZLOO�DUULYH����PLQXWHV�ODWH¶�LQ�VWHDG�RI�QRW�KDYLQJ�VXFK�LQIRUPDWLRQ��7KLV�LV�DQH[SUHVVLRQ�RI�WKH�JHQHUDO�VWUHVV�UHODWHG�WR�WUDYHO�WLPH�XQFHUWDLQW\�GLVFXVVHG�XQGHU�WKH�KHDGLQJRI�FDVH���LQ�VHFWLRQ���
:H�FRQFOXGH�WKDW�WKUHH�UHDVRQV�H[LVW�ZK\�LQIRUPDWLRQ�SURYLVLRQ�OHDGV�WR�ORZHU�JHQHUDOLVHGFRVWV�RI�WUDYHOOHUV��7KLV�LPSOLHV�D�FHUWDLQ�ZLOOLQJQHVV�WR�SD\�IRU�LQIRUPDWLRQ��DQG�KHQFH�WKHUH�LVVFRSH�IRU�SULYDWH�DQG�SXEOLF�DFWRUV�WR�VXSSO\�WKLV�LQIRUPDWLRQ��7KH�LPSOLFDWLRQ�IRU�WKH�YDOXH�RIWLPH�LV�WKDW�DV�ORQJ�DV�XQFHUWDLQWLHV�DUH�QRW�ZHOO�VSHFLILHG�LQ�YDOXH�RI�WLPH�VWXGLHV��RQH�PD\H[SHFW�WKDW�WKH\�OHDG�WR�RYHUHVWLPDWHV�RI�WKH�YDOXH�RI�WLPH��,QIRUPDWLRQ�SURYLVLRQ�PDNHV�WKHVHSUREOHPV�VPDOOHU�DQG�PD\�WKHUHIRUH�EH�H[SHFWHG�WR�OHDG�WR�D�UHGXFWLRQ�RI�JHQHUDOLVHGWUDQVSRUW�FRVWV�
���&RQFOXGLQJ�UHPDUNV�
8QFHUWDLQW\�UHODWHV�WR�ERWK�ODFN�RI�NQRZOHGJH�RI�WKH�WUDYHOOHU�DQG�WKH�VWUXFWXUDO�XQUHOLDELOLW\RI�WUDQVSRUW�QHWZRUNV��%RWK�SOD\�D�UROH�LQ�JHQHUDOLVHG�FRVWV�RI�WUDYHOOHUV��,Q�SXEOLF�WUDQVSRUW�FKDLQV�DUH�RIWHQ�FRPSOH[�DQG�WLPH�FRVWV�RI�VRPH�HOHPHQWV�RI�WKH�FKDLQV��IRU�H[DPSOH��ZDLWLQJDW�SODWIRUPV��DUH�PXFK�KLJKHU�WKDQ�WKRVH�RI�RWKHU�HOHPHQWV�RI�WKH�FKDLQ��5HOLDELOLW\�LV�DQLPSRUWDQW�LVVXH�EHFDXVH�LW�DSSHDUV�WR�DIIHFW�ZDLWLQJ�WLPH�PRUH�WKDQ�LQ�YHKLFOH�WLPH�
9DULRXV�PRGHOV�RQ�WUDYHO�WLPH�DQG�XQFHUWDLQW\�KDYH�EHHQ�VXUYH\HG�LQ�WKLV�SDSHU��,W�LVGHPRQVWUDWHG�WKDW�ZKHQ�XQFHUWDLQW\�DVSHFWV�SOD\�D�UROH�LQ�DFWXDO�EHKDYLRXU�EXW�ZKHQ�WKHVHXQFHUWDLQWLHV�DUH�LJQRUHG�LQ�YDOXH�RI�WLPH�HVWLPDWLRQV��D�WHQGHQF\�PD\�EH�H[SHFWHG�WKDW�YDOXHVRI�WUDYHO�WLPH�DUH�RYHUHVWLPDWHG��,Q�SDUWLFXODU�RXU�DSSURDFK�VKHGV�OLJKW�RQ�WKH�UHVXOW�WKDWZDLWLQJ�DW�SXEOLF�WUDQVSRUW�VWRSV�IRU�DQ�LQWHUFKDQJH�EHWZHHQ�PRGHV�KDV�KLJK�YDOXHV�RI�WLPH�$Q�REYLRXV�H[SODQDWLRQ�LV�WKDW�ZDLWLQJ�RIWHQ�WDNHV�SODFH�LQ�XQGHU�XQFRPIRUWDEOH�FRQGLWLRQV�$Q�DGGLWLRQDO�SRLQW�UHVXOWLQJ�IURP�WKH�SUHVHQW�DQDO\VLV�LV�WKDW�VLQFH�XQUHOLDELOLW\�KDV�D�PXFKELJJHU�HIIHFW�RQ�ZDLWLQJ�WLPHV�WKDQ�RQ�LQ�YHKLFOH�WLPHV��WKH�SHUWDLQLQJ�YDULDQFH�LV�DOVR�KLJKHU
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DQG�WKLV�LV�UHIOHFWHG�E\�KLJK�YDOXHV�RI�WLPH�UHODWHG�WR�LQWHUFKDQJHV�
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	03036.pdf
	1. Introduction.
	Knowledge of traveller:

	3. Uncertainty implications for the valuation of travel time savings in multimodal trips.
	Endnotes





